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Iepiinyn

O oKomOG TNG OMAMUATIKNG EPYOCING NTAV 1 KOTAGKELT TPOPOSOTIKOD OV TTAPEYEL
tdon 0-30V kot pedvpa 0-5A. Emiong, divetor n duvatdtto 6T0 (pNotn vo Topdysl dVo
tdoelg avtifemg moAKOTTOC Ko icov pETpov, pe evpog 0-15V, datnpdvtog uoikd tov
neplopiopd pevpatog 0-5A.

O xep1opdg Tov TPOPOSOTIKOD TPAYLATOTOLEITOL YNOLOUKE HECH VOGS KMOUKOTOTY).
H aneikdvion tov emBopntodv Ty pedpatog Kot Taons, TS TPEXOVCOS AETOVpYiag Kot
™G TWNG TOV peLHATOG ££000V Yivetal puésm 0086vng LCD. H emkowmvia g 006vng kot
TOV KOOIKOTOTN UE TO OVOAOYIKO KOKA®LLO TOV TPOPOSOTIKOD TPOYIOTOTOLEITAL LEG® TOV
wikpoeme€epyaoti Arduino UNO R3, 0 Tpoypaplaticog Tov 0moion Ve LUE TNV OUMVOUN
TAOTQOPLLO OLVOIKTOV KMIKA Y10 TPOTLITOTOINGT NAEKTPOVIKAOV KUKADUATOV.

H dvvatdmra avédivong g emBouunmg 1done, T060 6TnV Kovovikn Agttovpyio 660
KOl OTN GULUUETPIKT, €ivon pe Puo ta 0,1V. Avtictorga, n avdivon tov emBovuntov
TEPLOPIGHLOV PEVUATOG KOl TOL pevLATOg £0d0L etvar 0,01A.

AgEaig Kheona:
Mertooynuotiotig, avopboon, efopdivvon, otabepomoincn, TACT KLUATMOONG, GUVIEAECTNG

Kopdroong, cuviereothg pOduong poptiov, Arduino.







Abstract

The scope of this thesis was the construction of a power supply unit that provides
voltage 0-30V and current 0-5A. It also enables the user to produce two voltages of opposite
polarity and equal magnitude, range of 0-15, while keeping the current limitation 0-5A.

The power supply unit is controlled digitally by an encoder. The display of the desired
current and voltage values, the present operation and the magnitude of the output current is
via LCD Screen. The LCD screen and the encoder communicate with the analog circuit of
the power supply unit via the microprocessor Arduino UNO R3, which was programmed
with the use of Arduino’s open source electronics prototyping platform.

The desired voltage, both in normal operation mode and symmetric, is analyzed with
0,1V step. Accordingly, the analysis of the desired current and of the output current
limitation is 0,01A.

Keywords:

Transformer, rectification, smoothing, stabilization, ripple, ripple factor, load regulation, Arduino.
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Ewocaywyn

Mo v Aettovpyio TV NAEKTPOVIKOV GUOKELMV KOl OA®V TV NAEKTPOVIKOV GLGTIUATOV
amolTeiToL 1 TPOPOSATNGN TOVG e GuveXN TAOMN. AVTO 0QEILETUL GTO YEYOVOG OTL TO POGIKA
NAEKTPOVIKG oTOolKEll TV KUKAOUATOV ypetdloviol otabepn Toapoyn TOONG Yo TNV
dwyelpton TOV oNUATOV M| TNV EKTEAECT] MAEKTPOVIKOV Agrtovpyldv. To diktva Stovoung
NAEKTPIKNG EVEPYELNG TTOPEYOVY evaAlaccouevn téon. o to Adyo avtd 01 MAEKTPOVIKEG
OGUOKEVEG QEPOVV TIC TEPICCOTEPEC (POPEC EVOOUATOUEVT] Mo O1GTaln 7oL KOVEL TN
UETATPOT| GE GLVEYN TAOT Kot KoAeitar Tpo@odotikd. 'Eva amdd tpo@odotikd amotedeital

amo TE6oEPLS POcIKEC SLOTAEELG:

e  MetaoynUoTIoT g, 0 omoiog avuymvel 1 vroPPaler v evaliaccopevn
Taon, avaloya LE TNV cuveYN TAoT TV otoia embupovpe oty ££060

o Avopbotig, Omov Koatapyel  TIC  opvnTIKEG  MUTEPLOdOLS  TNG
EVOALOCGOUEVTG TAONG

o  ®Diktpo, mov EEOUAADVEL TIG KOUATAOOELS TNV avopOmuéEVNG TAoNG

o XYtafepomomrng, 0 omoiog dwutnpel T cvveyn thon otabepn aveLdptnra

Ao TNV avTicTAoT TNG TPOPOd0TOVEVNC Baduidac.

O1 datdéetg avtég Bo avaivbobyv 6To endUEVO KEPAAMLO.




1.1 Iotopixkny avadpoun

H 1o10pia v tpogodotikdv gival dUGKOAD Vo Topovclactel Kot va peretnBel ev cuvtouia
(ko dev amoterel Pacikd okomdg TNG TOPOVGOS SIMAMUATIKNG £PYUsiag), KaBdG vrdapyovv
S1apopot THTOL TPOPOSOTIKMY OV YPNGLULOTOONKAV KaTd KarpoOs EEKvmdvTag amd TIG AmAES
UToTopleg Kot TAVOVTOG HEXPL TV TPOYPOUUOTILOUEVT TTapOoYh TPOPodocinGg. ApKeETONS amd

OVTOVG TOV TVTOVS Ba TOVG EEETAGOVE GTNV EMOUEVT TAPAYPOPO.

Onwg avapépbnke, og Tp®dTo TpoPodotikd pnopei va BewpnBel n pratopio. H avémtuén tov
protopldv Egkiviioe ota TEAN TOL JEKOTOL OYO00VL Oldve. Q0TOGO, LEPIKA OPYOLOAOYIKA
gupnuata BEtovy v nuepounvio ovtr uéypt ko 2.000 £t wpwv. To 1938, o Wilhelm Konig
avakdioye, oto Ipdx, éva mivo doyeio 5 vtomv 10 omoio mepieiye Evav YOAKIVO KOAMVOPO
7ov epEkAele Ui o1dgpévia papdo. O Koniq kot ToAd akdua 16Topikoi Dedpnoay 0Tl avtd

Nrav o apyoio pratopio.

H Bropunyovia tov tpogodotikdv ypovoroyeitar ot apyéc tov 1920, 6tav ol mpdteg
OVOKEVEG avamTuyOnkav ¢ battery eliminators ywo va tpo@odothicovy padidemve 1060 yio
Brounyavikn 660 kot yuo eumopikn ypnon. To 1926 po pikpn Tomky EXyEipNon UraTOpLOV
tov lllinois, n Storage Battery Co. (apydtepo yvooth kot og Motorola) katackevoaoce 1o "B
battery eliminator 1926 Ad mov kvpidpynoe otV ayopd kot enédelée amd vopic 10 Aoumpo

pHEALOV TG eToupiog.

H avaykn dmapéng daxpitng cuokeung Yo Tpo@odocic amd to podtopwvo s&aleipOnke
nepinov 1o 1929, 6tav o TEPIGSOTEPA PASIOPOVE TOV KATACKEVAoVTAY TEPLEAGUPavayY pia
EVOOUATOHEVT] TOPOYN NAEKTPIKOL pevuatog. H id1a aviykn Topépelve oYeTIKA HKpY| KoTd
T1G dekaetieg 1930 ko 1940, 6mote Ko 1 Kupiapyn Te)vOrOYia eEVTNPETEITO OO YPOUIIKODG

pLOOTEG e Avyvieg KEVOD.

Ta tpo@odotikd, eniong, xPNOLLOTOOVcAY AvyVieg KEVOD TOGO Yl TO. GTOLYEIN TAPOYNG OGO
Kol ywo To ototyeior eAéyyov. Tvmwkd, évag pvOuomg tdong (VR) pe Avyvieg xevov, o
TPOTOUTOG TNG OTUEPIVIG 01000V zener, ypnopomombnke yia vo mapdyel pio otabepn téon
avaeopds. O €leyyog TV TPOPOSOTIKMV TEPLOPLLOTOV KUPIMG GTO YELPOKIVIITO GTPEPOUEVA
kopufia. ‘Eva amd ta onpovtikdtepa tpofAnpate Tov Tapovciole 1 texvoloyia Tov Avyviov
KEVOL KOl TOVTOYPOVA 0 AOYOG TOv gyKotaAeipOnke, nTov 1 vepOeéppavon. Xe o nepiodo,

Oumg, mov M amaywmyn Oepuodtntag MTav  adtdeopr, EVOMEPOV Yo TN LREPPOMKT




Oeppoxpaocio mov émave (VIO KAVOVIKEG GLVONKEG) o Avyvia KEVOD TPOEKLITE LOVO OV M

TAGKO COAMVOV yvoTay KOKKIVI 1) To Yool tng Avyviag dpyile va Advet.

dotoypagio 1. Tpo@odoTikd Avyvidv KevoD

210 péoa g dekaetiog Tov 1940 , tpeic eTaipieg avol&av omd Kool KUTAGTNLO OTN GYETIKA
agavn kowvotnta tov Queens g Néag Yopkng . Ot etaupeieg avtég, OV TEAMKE €ytvov ol

Nyéteg Tov KAASov ot Propnyavia ftoav n Lambda, n Sorenson kot 1 Kepco.

Agxaetio opéono yro T Propnyavio Tpo@odotikdv amoterel n dekaegtia Tov 1950, omdTe Ko
o1l Nuoymyoli e10MyONcov 610 GYEIACUO Kl KATAGKELT TPoPodoTikdv. H enavactatikn véa
TEYVOLOYID TOV TMUOY®YDOV OVIIKATESTNOE TANP®G TIS Avyvieg kevod. Ot muoywyol
KatoAdpuPavay piKpdtepo ymdpo, YoV To otkovoukol kol mo aglomotol. To peyaivtepo
TPoOPANUa mov €pepav pali Toug ot nuoywyol MTav M amayoyn tng Oeppotnrog. Ta
tpoviiotop I'eppoviov, ta mAéov mo Owadedopévo tpaviiotop Tng emoyng, dev egiyav
duvatoTnTo Vo AGUTOVY GTO GKOTASL, OTTMG EKOVAY 01 Avyvieg KEVOL KATA TNV vrephipuavon,
UE amoTEAEG O VL AlVOLY. Ot 6Yed10GTEC TOV TPOPOSOTIKMV ETPETE EAPVIKA VO, TAPOVY GTO,

cofopd T OEpUOSVLVOUIKY.

dortoypagio 2. To tpdTO TPoPOdOTIKS E TpoviicTop

Ta Tpoidvta mov ypnotponoovcoy tpaviictop meplopilovray o LovTELD YOUNANG TAONG, G
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ovtifeon pe ta oy€da Yo pétpla eninmeda 1oyvOg 1| VPPLOKA LOVTEL, TOVL XPNCULOTOLOVGOV
NUay®yovs 6to KOKA®UO EAEYXOL Kot Avyvieg Kevoh 6T0 GTAO0 TOV KUKAMUOTOS 10%0OG,
moTte va kabioTobv dvvari TV Topay@yn vymiotepns taong. Tn dexoaetio Tov 1950 kot oTig
apyés g dekaetiag Tov 1960 , ta Tpo@odoTikd vioBEéTnoay v texvoroyiag Mag - Amp yw

va glvatl GuUPATA e CLGKEVEG TTOV ATOLTOVGOV CTULOVTIKE HEYAADTEPT) 1OYD.

dortoypagia 3. Tpopodotikod texvoroyiag Mag - Amp

Tnv 1810 mepiodo, cLAANPONKE 1 B0 TOV TPOTOV €5’ AMOGTAGEWS TPOYPAUUATILONEVOV

TPOPOSOTIKMV.

Tn dexaetio tov 1960 , o kdopog MTav axdpo avaroykds . Ot VTOAOYIOTEG TV AKOUN GE
TPOWo 61ado avamtvéng. H peydhin ovlnmon emkevipobnke oty avtimapdbeon g
OVOAOYIKNG AOYIKNG UE TNV, TPOTOYVOPN UEXPL TOTE, YNOWOKN. X€ OVLTH TN OTIypn, To
TPOPOJSOTIKA OempovvTOl TEPIGCHTEPO MG EVICYLTES 10YXV0G TOPE MG LKL TNy EVEPYELOG.
Avt n Beopnon og evioyvt Pacldétav oto VYNAO KEPAOG KOl TN YPOUUKOTNTA TOV
tpoviiotop, EVd 0ONYNOE Kol TOPUCKEVT] AEITOVPYIKOVG EVIGYVTES LYNANG oyvos. 'Etot, Ta
TPOPOSOTIKA OV KATAGKELALOVTOV DOTE VO, EVIGYDOVV, VO TPOGHETOVY, VAL EVEOUATAVOLY M
va yewpilovtar onparto. o va emitevydel avtd, T0 TPOPOSOTIKE TOV EMIKPATNCOV GTNV Ayopd
NTav aUTd oL ENETPENAY 6TO ¥PNo™ (gite Katavarw eite Prounyavia) va Exel TpdoPacn
6€ OAOVG TOVG emMUEPOVG KOUPovg eléyyov. Tdco Ta GTOLKElD E1GOO0V OGO Kal TO. EAEYYOV
avaopoong umopovcay vo aeotpefody kol va vrokatastafovy amd To XpNoTH Yo va givol

duVaTOG 0 XEPIGUAOC TNG €£600V Kal 1 TKOVOTTOINGT TOAADVY SL0LPOPETIKMY EQUPLOYADV.

Méypt 10 1960, ta TPOPOSOTIKA UTOPOVLGAV VO LETPHOOVY KOl VO OVOTOPOCTIGOVV HOVO
Oetikéc Tég tdong kar peduatoc. Me v avamtuén g teyvoroyiag four quadrant, to
TPOPOJOTIKA €YOLV TN duvatdTnTa HETPNONG OETIKAOV KOl OpVNTIKOV THOV TACNG Kot

pevUATOC, £lTe oTNV TTNYN €lte 0TO POpPTiO.




doroypogia 4. Tpopodotiko Bipolar 4-Quadrant Power

Tn dekaetio Tov 1970, pe v gvepyelakn kpicn mov €ANPENCE TO GUVOLO TOV PLOUN)OVIKOD
KOGLOV, KOTAGKEVAGTNKAV TPOPOJSOTIKA He puOuiot) petaymyng (switching power supply),

Bekticoon mov ta edpainoe 6g oNUOVTIKY 00T TG AYOPAC NAEKTPOVIKDY.

O oyedcndc KOl 1 KOTOOKELT TPOPOJOTIKOV UE puOIoTH HETAy®YNG NTay e£eMOGOpEV
teyvoroyia amd to 1950. Ta mpoidvta avtd mapnyOnoav c€ TEPAGTIEC TOGOTNTEG, OC EML TO
mAeloTOV YL TNV OVTIKOTAGTOGTN TV vibrators. Ot vibrators petétpemav ta 12V gvog
QUTOKIVNTOV GE VYNANG TAONG GLVEYOVG PELUOTOC UE UNYOVIKY UETAY®OYN. Apyotepa,

ypnooromonkay tpaviiotop ['eppaviov yio vo yiveTor 1 LETAY®YN NAEKTPIKA. .

To Begpelddec mpdPANUO OV AVESTELLE TNV TPOOOO Kol UEYOADTEPN YPNON CUTAG TNG
TOMOAOYIOG, MTAV TO OYETIKA YOUNAO €0POG GLYVOTHT®V, TO ONOI0 TPOKAAOVGE GTA

TPOPOJSOTIKA EVa EVOYANTIKO BOpvPo.

H peyddn avaxdioyn t odekaetiog tov 1970 ftav 1 avamtvén evog youminig ommAELng
oeppitn (LVMKO TOV TLPNVO TOV UETACYNUOTIOTH), GE GLUVOVOGUO UE TO dupeca Slabéoiua,
vynAoTEPNG TOOTNTaG TpavicTtop TuptTiov, TPAYUO TOV KATEGTNGCE SUVATH TNV TPOKTIKN
vAomoinon Twv mPoioVIOV LYNANG cvuyvotntog mov Oo UmTopoboaV Vo AEITOLPYNCOLY GE

ouyvotntes ave Tov 20KHZz, aldd tavtdypova mapépevoy abopuPa.

Tnv 1610 dekaetio, Ta LYNAOD KEPOOLG series pass linear Tpo@odoTIKd evioybONKaV pE Eva vED
eninedo vonuoovvNng, TNV 1KOVOTNTA VO aKOAOVOODV TIC €VIOAEG OmO €vav KEVIPIKO

VIOAOYIOTN 6 éva TPOTLTO {LYO ETKOVMOVING.

O ynowkog éreyyog eiye umolooBel ota mPoidvTa YpopKnG Tpoeodociag. Ov mpmdTeg
SLOIGVVOEGELG OMOTEAOVVTOY OO OAVGIOEC AVTIOTAOoE®Y Ol 0moieg NTav wapdAnia pe reed

relays yio vo dnuovpyndei BCD ymoeiakdg édeyyog. tn cuvEYEL, EUQOVIOTNKE YNOLOKO-GE-
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avaroyikd petatponéag (DAC), yio tov Edeyyo TG TdonG, Kot TEAOC, 6T LEGH TNG OEKAETIAG,
N Boounyavio moapoyrg pedpatog eEédwaoe to TpodTLVO VYOV OPYAVEOV TOL TOPOVGLAGTNKE
amo v Hewlett Packard Company wg HPIB. H oyetikr| andpaon eAnedn oc IEEE - 488 amo
1o Ivotitovto Hiektporddywv kar Hiektpovikdv Mnyovikdv, eved apydtepo PLETOVOUACTNKE
GPIB an6 xotackevaotég opydvov. Ilpv amd avtd to Propunyovikd tpodtumo, N Propnyavio
NTOV TEPLOPIGUEVT] GTO GELPLOKODL dtadAov RS232 wov Ntav moAd apyog kot meplopilotay o€

GYETIKA TTEPLOPICUEVEG ATOOTAGEIS HETOED EAEYKTN KOl LEGOV.

2y Evpomn, avto givar yvootd wg IEC (gdknc.

To 1980 avOicav moALéEG veooVOTOTEG £TOLPiEG TOL EIGAABAY GTIV ayopd TETOI®V TPOTOVTWV.
[MoAAég amd avtég TIc véeg etopieg eiyav Paon oto Eypnvikov , yia mpdt @opd otnv

lamwvia, kot tedkd n otpoen &ytve mpog v Taifdv kat to Xovyk Kovyk .

Kotd t ddpkelo avtig tng OeKaeTiog, 1 TOOTNTA KOl Ol EMOOCELS TOV UETUYOYEDV
BertidOnkav onuavtikd. Ot cuyvotnteg Asttovpyiog avéndnkav emiong kot amod to gvpog 25 -

50 KHz , yia puéypt 100 kHz kon axéun 1 MHz.

‘Etot, 1 Propnyovia mopdyst mpoidvta LETAY®YNS TOV AEITOVPYOLV G OAO KOl VYNADTEPES
oLUYXVOTNTEG KOl €ivol  KOTOGKELOOUEVO —YPTOLUOTOIDVING TEYVOAOYID  EMLPAVEINKNG
tomofétong (SMT), pewdvoviag onpovtikd to péyebog tovg. Ta mpoidvia TPooPEPOLY
YOPOKTNPIOTIKG Ommg peydAo gvpog, gvepyn Owpbwon ovvieleot oydog (dote vo
EAIOTOTOMOEL 1 OPUOVIKY TAPAUOPPOGCT] TOV YPOUUDY TOL MAEKTPIKOD PEOUATOG) KOt

TKOVOTNTO OVOYNGC CQOALATOV AELTOVPYiaC.

Ta, KavoOpYlo GLGTALOTO TPOPOSOCING LE OVOYXN] CPAAUATOS GVVAOWME Y¥PNCIUOTOIOVY ULOL
TEYVIKN 7oV glvarl yvoot] o¢ N + 1 mapdiinieg tpogodocieg (N + 1 redundancy). To
TAEOVEKTN LA OVTHG TNG UEBOSOL EvavTl TOL TaPASOGIAKOD GLGTHIATOC TAPUAANAIGHOD, Eivat
N wKovOTNTO, VO, TNG SLOVOUNG TAGEWMV KOl 1) EAOYIOTOTOINGN TG TECNS TOV UELOVOUEVOV
povadwv . H dnuotikdtra tov N + 1 redundant cvetiuatog avéndnke 1060 ypriyopo mov

£ywve éva de facto TpoTLTO 6TN Prounyavia.
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dortoypogio 5. Tpopodotiké N + 1 redundancy

‘Eva. Ao mpoTLUTO TTOL €)YEL YVOPIoEL LENUEVO EVIIPEPOV EIVOL OVTO TOL AVOPEPETOL MG
onueio-tng-ypnong ortabepomnoinong (point-of-use stabilization), 6mov mn OSwvoun g
NAEKTPIKNG EVEPYELOG YivETUL OE Kol gvdtdpeon Taon (48V , 150V, 400V). Avth n teyvikn
glvon emiong yvooty g «kataveunpévn 1oyvcy. Xnpiletor o1 HETATPONN LG TOGOTNTASG
EVOALOOOOLEVOD PEDIOTOC 0t TO dikTvo, 6 DC, 10 0moio oTN GUVEKEL, UE TN GEPA TOV,
TPoodoTel kabEvay amd tovg pikpotepovg petatponeic DC og DC pevuartog. Ot petatpomneic
tonoBetovvton amevbeiog 6to onuelo Tov EOPTIoL. AVTY 1) TEYVIKN TNG SOVOUNG NAEKTPIKTG

EVEPYELNG £XEL LEIDOEL TNV KAAWOIIWOT KOl TO GUVOALKO LEyeBOS TovG.

Dortoypapia 6. Tpopodotikod - H d1ac0vdecT 0dnyel Emg 27

OTTOLLOKPVGUEVO TPOPOOOTIKAL
1.2 Tomot tpopodotikmv

Onwg avagépope kol TOPATAVO, TO TPOPOOOTIKA YPNOLULOTOOVVINL OTOL  OTOLTEITOL

TPOPOSOTNON UE GLUVEYN TAGCT Kol KUPIMG Y10 TV TPOPOSITNGT NAEKTPOVIKOV GUGTNUAT®V.

O1 kVp10TEPOL THTOL TPOPOSOTIKMV TOPOLGLALOVTOL GUVOTTIKY TAPAKATO.

11




1.2.1 Mnrarapia

H pmotopio givol pio GuokKev mov HETOTPETEL OMOONKEVUEVT] YNIIKT EVEPYELD OE MAEKTPIKN

gvépyelo. O pmatopieg ypNOLOTOIO0VTOL GUVHOWOC OC TNYEG EVEPYELNG GE TOAAEG OTKIOKES

Kol Blopmyavikéc EQapOYEC.

Yrdpyovv dvo tOHmOl pratapudv: mpmtoyevels pmatapieg (pioag xpnong) , ot omoieg €xovv
oYEO0OTEL YO VO, Ypnoyomolovvtal pio @opd ko Emertor vo Egeoptifovv, koi ot
devtepofadeg pratapieg (EmovapopTIiOUEVEG UTOTOPIES), O1 OTTOIEG £XOVV GYESIOOTEL Y10 VL
enOvopopTICOVTaL KOl VO XpNOLUoTolodvTol TOAAEG eopéc. Ot umatapieg mapdyovior Ge
Slapopa Heyéd, amd HKPOCKOTIKE KOTTAPA TOL YPTGLLOTOIOVVTIOL GE OKOLGTIKG Bapnikoiog
Kol TO, POAOYLOL YEWPOC UEXPL o€ umotopieg oto péyebog dmpatiov mov AEITOLPYOLV ®G
EQEOPIKEG TOPOYEG MAEKTPIKOD PEVUOTOC GE TNAEQPOVIKA KEVTIPA 1 KEVIPA OedoUEVOV

VTOAOYICTDV.
1.2.2  Tpogpodotiké cvveyois taons

"Eva tpo@odotikd cuviBwg déxetan €icodo amd o dvapyn AC mapoyr NAEKTPIKOD peEdUATOS
Kol GLUVNOWOG YPNOLOTOIEL EVOL LETACYNUOTIOTY Y0 TN METOTPOTN TG TAone and v mwpila
(kevTpikd diKTLO) GE oL SLPOPETIKY], SLVIHOWG YOUNAOTEPT, TAON. AV YpNGlLOTOLEiTAL Y10l
TNV TOPAYWYT OCLVEXOVG TAONG, XPNOLOMOLETOL €vag avopfmTNG Yoo TN UETATPOTY| NG
EVOALOOOOUEVNG TAONG GE  YPOUUIKO TOAUG GLVEXOLS TAGNG, Kot akolovbeitor amd €va
©iATpO, TO omoio EPAAUPAVEL Eva 1] TEPIGGOTEPOVG TVKVAOTES, AVTIGTAGELS KOl TNVIK Yo Vol
OWATPApEL TO PeYaADTEPO UEPOG TNG TOAUIKNG Kivnong . ‘Eva pikpd vrdromo avemBounto
GLOTATIKO EVOAANGGOUEVNG TAOTG TOPAUEVEL KOt TTpooTifetal oty Tdor 5650V (pavopevo

ripple).

I Tovg okomohe Omme 1 PopTion TV urotapldv to ripple de dnuovpyel apodPinua. To
amroVotepo DC koKAopa Tpo@odociog amoteleitol and Evo LETOCYNULOTIOTH TOV 0dNyeiTot

o€ pio LovodikY 61000 G€ GEPA e [Lol AVTIoTOOT).
1.2.3 Tpogodotiké evallaceiusvis taons

"Eva tpogodotikd AC cuvnbwmg tpogodoteitar amd pio mpila (Tapoyn peOUATOS) Kol LEIMVEL
T téon S1kTvov otV eMBLVUNTA TN, UE £VO LETACYNLOTIOTH VTOPIPACHOD Kot EVOEYOUEVMS

Kdmoto eiktpo.
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1.2.4  Tpogodotiko ypauuixig pvbuions (Linear regulated power supply)

H tdon mov mopdyetor and po avebédeyktn mapoyn 1oybog TOIKIAEL avAAOYO LLE TO POPTIO
Kol TIG OLOKVLUAVGELS TNG TAoNG TPoeodociag evailoooouevoy pevuotog. [a kpioileg
EQUPLOYES TNG NAEKTPOVIKNG, EVOG YPOUUKOS puBGTAG uropel va ypnoiononbel mote va
glvar dvvatn M pvduion g Taong oe kamola cvykekpuévn . H tdon avth datnpeital
otabep| Tapd TIG SKVUAVGELS TG TAong €650V Kot Tov eoptiov. O pvOuoTC, emiong,
HELDVEL onuavTiKG To @owopevo ripple kot to B6pvfo oty €080 cuveyovg pedpatog. Ot
YPOUUKOL pLOMGTES GLYVE TOPEYOVY TEPLOPIGHO PEVLOTOC, TPOGTOUTELOVIOS TO KUKAMLLO

a0 VIEPEVTACELG.
1.2.5 Tpogodoriké AC/DC

210 moperBdv, to nAektpwd diktvo Tpogodotovce pe DC opiopéveg meproyéc ko pe AC
dAdec. Ot petacynUoTiotég dev pmopovcay va ypnotiponomBovv yua v DC tdon, alid o
amh, eONv aveEédeyktn mopoyn NAEKTPIKOL pedpatog Bo pmopovce va Tpéetl dueca eite
a6 o AC cvompa gite To DC yopig ™ xpnon petacynpatiot. To tpo@odotikd amoteleito
amo Evav avopBomt Kot évav mokveth ovti eiktpov. Otav Asttovpyel and DC, o avopBwtig
AELTOVPYOVCE OLOGTIKA Gav AY®YOS, oL dev ennpéale T0 cuoTnra. XpNolporomonKe yuo

va givar dSvvarti N Asrtovpyia amd AC 1 DC diktvo ywpig TpomOTOMGELS .
1.2.6 Tpogodotiko ueraywyns (Switched-mode power supply)

Y& tpo@odotikd petoyoyne (SMPS), n AC tdon &16680v Gueco avopb®mVeTOL Kol oTh
cuvéyeln Quitpapetal yo. vo. Anebei taon DC. H mpokdzmrovoa tdon DC ot cuvéyesia
EVEPYOTOLEITOL KO OEVEPYOTOLELTAL e VYNAN GLYvOTNTA OO TO KOKAMUK NAEKTPOVIKNG
UETAY®MYNG, TAPAYOVTOS TGl Vo, EVOAANGOOUEVO pedpo. Tov Oo mepdoel péoa omd éva
UETAGYNUOTIOT] DYNANG cuyvotntag 1 évov emoyoyéa. H petaywyn mpayupoatonolgitol o
oAb LYNAN Srokomikn ovyvotnra (cvvnbwg 10 kHz-1 MHz), emitpémovtag £T61 ™ yprion
TOAD  LKPOTEP®V, EAOEPUTEPOV Kol QPOMVOTEPOV UETAGYNUOTIOTOV KOl TUKVAOT®DV TOV
QIATPOL 0d OTL EKEIVAL TOV YPTCUYLOTOLOVVIOY GE YPOUUIKE TPOPOSOTIKG Kl AELTOLPYOVV
om ovyvoémta Ttov diktbov. Av 1o SMPS ypnowomoel KotoAAA®MG  pOVOLEVO
LETACYNUOTIOT] VYNANG ovuyxvotntag, N €5060¢ Oa elval NAEKTPIKA OmOpOVOUEVN ond TO

SiKkTVO, YOPAKTNPIOTIKO TTOL EIVOL GLYVA ATOPALTNTO Y10 AGPAAELQ.

To tpogodotikd petaymyng cvvibog pubuiletal, kol yio vo dtotnprostl v tdorn 5000V
otafepr], YPNOOTOIEL GTNV TOPOYN MAEKTPIKOD PEVUATOS Evav eheyktn avadpacng. O
gleyktng mopoakolovbel to pevpo mov Tpafdel TO QOPTIO Kol O KOKAOG TNG UETAYMYNS

avEAVETAL OTOV AVEAVOVTOL O OTTALTHGELS 10YVO0G €E000V.
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To SMPSs cuyvd mepthapdvovy yopaKTnpiotikd acpoieiog, Onwe TePOPICUO PEVUATOG Y10

va fonbncovv oty TPOGTAGia THNG GLGKELT|G KOl TOV XPNOTN).

Ta SMPSs éyovv amdAvto 0pro yio eldyioto pevpa e£660v. ‘Etot, pmopotdv va e&dyovv povo
v omd €va CLUYKEKPIUEVO EMIMEDO 16YVOG Kot OgV UTOPOVY VO AELTOVPYNGOLY KAT® oo
aVTO. Xg TEPITTOOT TTOL JEV EYOVV GUVOESEUEVO POPTIO, | GLYVOTNTO TELOYICUOV TNG 1GYVOG
avédvel o€ 1060 UEYAAO Pabud, dote vo 0dNYEL TOV OMOUOVOUEVO HETOCYNUOTIOTH VO

Aertovpyel og mnvio TéoAa.

O ovvieheomng woyvog &xel efelybel oe Bépa avmovylog Y TOVG KOTOGKELOOTES
voloylotdv. Ta TPOPOSOTIKA HETAYWYNG £XOVV TAPAOOGIOKA L0 TTNYT APLOVIKAV YPOUUOV
NAEKTPIKNG EVEPYEWNS Kol €(Oovv TOAD YOUNAG ouvvtereot toyvog. To otddo €166d0v
avopBwong S106TPEPADVEL TNV KULOTOLOPET] TOV PEVUATOG TTOV TPOEPYETOL OO TNV TOPOYN,
TPAYLO. TTOV EVOEYETOL VO EXEL APVNTIKEG EMMTMOCES 6€ GAAa @optio. To SaoctpePropévo

PELLLO TPOKOAEL EmTALOV BEppHaven 6T KOAMOLO Kot TO GOGTI L0 SIAVOUNG.

Mepikd TPOPOSOTIKA UETAYMYNG XPNOLOTOO0V QIATpa | TpOGHeTa 0TSO, LETAYWOYNG GTO
KoK P Yo vo, BeATiobel 1 KOUOTOUOPPT TOV PEVUATOG TOV ACUPAVETOL OO TN YPOUUN
EVOALOOOOUEVOD PELLOTOC. AVTO QLEAVEL TNV TOALTAOKOTNTO TOV KUKAGUATOG. [ToAAd
TPOPOSOTIKA VTOAOYIGTAOV TOV dMOVPYHONKaY Ta TEAEVTOIR YPOVIL TEPIAAUPGVOVY TAEOV
dopbworn cvvteheoT 1GYVOC OTAV AEITOVPYOLV GTNV TOPOYN MUETOYWOYNG. X& OPLOUEVES

TEPMTMOGELG CLVTEAEGTN 10Y0OG 1.
1.2.7 Ipoypopuatiiouevo Tpopodotiko

Ta wpoypappatilOUEVE TPOPOSOTIKO EMITPETOVY TOV OTOUAKPLGUEVO EAEYXO TNG TAONMS
€€0d0v HEc® gvOC avoloykoh oNUaTOC 1600V N LE pHial SIETAPT] LTOAOYIGT®MV Omtmg RS232
N GPIB. Ta otoygia mpog petaforn ivor n tdom, To pedpa kot 1 ovyvotTnTa (Yo 6 Hovadeg
TOPOYOYNG PELUOTOC). AVLTA TO TPOPOJOTIKA amOoTELOVVIOL  amd &vav emefepyaoth,
KUKAMUOTO TPOYPOUUUATICUOD TACNG/ PEVUOTOS, UETACYNUOTIOTEG PEVUOATOS KOl KUKADLOTO
avayvoong tdong pevpatog. EmmpocHeta, SOvavior vo mepilapfdvovv mpootacic omd
VIEPEVTAOT, VmEpTacn kol PBpoyvkdkiopa. To  wpoypoppotilopeve  TPOPOJSOTIKA

ypnoorolovy yevika v SCPI og yAdooa mpoypaploticpoo.

Ta mpoypappatiiopeva Tpopodotikd pmopei va €xovv DC, AC 1 AC pe DC offset. H é£odog

AC umopet va givon €ite HOvOQAGIKN 1 TPLOAGIKTY. MOVOQAGIKT ¥PNCUYLOTOLEITAL YEVIKE Yin
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KUKADOUOTO YOUNANG TAoMS, eV 1 TPLPOCIKY Agitovpyia ivol mo cuviOng Yo KUKAGLOTO

VYMAfG TomG.

ZHUEPQ YPNCUYLOTOIOVVTOL GE TOAAEG eQapUOYEC. Mepikd Tapadeiypato meptiapfdvovy v
QVTOUOTOTONUEVT SOKIUT TOV EOTAIGHOD , TNV TAPAKOA0VONGN TG avVATTLENG KPVGTOAA®DY

Kol T Stapopiky Bepuikn avdivon.
1.2.8 Tpopodotiko adrdieimntns Tdons

Mo addAiewmtn mapoyn pevpatog (UPS) avtiel woyxd amd 000 1| mepiocdtepeg mnyég
tavtdypova. Xvvnbwg tpogodoteitan amevbeiog amd v mpilo evolhaccopevoy pedLLOTOC,
Ve TanToYpova Poptilel o pmatapiog amobrkevong evépyelag. Otav vmapyel TGN 61O
diktvo, N pratapio apEcOS EKKIVEL TNV OTOQOPTIOT|, TPOPOSOTAOVTIUS ETGL TO POPTIO YWPIG va
dwkom g Aettovpyiog Tov. Xg U0 EYKOTAGTOCT LTOAOYIOTY, AVTO SiveEL TO XPOVO GTOV
YPNOTN VO OTEVEPYOTMOMGTEL TO cLoTNU pe peBodsvpévo tpodmo. Ailo cvotiuate UPS
UTOpovV VO XPNCLUOTOOVY Evav KvNTHPO €0MTEPIKNG Kovong 1 otpoPilov yuoo cvveyn
TPOPOSOTNON PEVUATOG GE EVOL GUGTNUA, TAPUAANAC LE TNV oYL TOL Tpoépyetal amd to AC.
O1 yevvntpieg pe kivnipa Oo Expene KOvoviKd va AEITOVPYOLV GTO peErovTi, aAld Oa Empene
va épbovv og TANPN 1oY0 HEGO OE Alyo OELTEPOAETTO, TPOKEUEVOD VO KPOTNoEL (OTIKNG
onuaciog e£omMopd ywpic olakomh. 'Eva tétolo cbomua o umopovcse vo eviomioTel €

VOGOKOEID 1] TNAEQPOVIKG KEVTPIKA YPOUPEIQ.
1.2.9 IoliamiacloacTiis Tdons

[MoAlomloclaetig TaonG gival €va MAEKTPIKO KOKAMUO TOV UETOTPETMEL EVOAAUGGOUEVO
PELUX OTTO Ui YOUUNAOTEPN TAGT G€ o vynAdTepT Thon DC, Tumikd péow evog KOKADUATOG
pe mokveTtég Kor Oowwdovg. H tdom €106d0v pmopel va SmAaclooTEl, TPUTAUGLOCTEI,

TETPATANCLOOTEL, Kot 00T Kobe&nc.

Tomikd, o1 TOAAATAOGIUGTEG TAOTG AmOoTEAOVVTOL 0td NUVOpBOTES , TUKVMTEG Kot 01060VG.
Mo mopddetypa, évoag TPUTAOCLOCTNG TACNG OmoteAeital amd Tpelg MuovopbwTég, TPelg
TUKVOTEG KOl TPES O1000vg (6nwg otov moAramiaciaotny Cockcroft Walton). Ze o
SLOQOPETIKN SOUOPP®OT Yo TNV EMTEVEN AKOUO VYNAOTEPWV Tdoewv, Oa umopovoe va
ypnoorondel avopbmwtng mAnpovg kouatog. H ovopaotikny tdon tov Tukveotodv Kabopilet

T péyiotn téon e£6d0v.

O1 ToAOTAOCIOTEG TAOTG £XOVV TOAAES EQOPUOYES . [l TopAdelya, Ol TOALUTAUGIOGTES

tdong umopovv va Ppebodv oe cuokevEg KaOMUEPIVIG ¥pNoNG, OTMG TNAEOPACELS Kol

15




QPOTOTLTIKA. AAAEG EQUPUOYES EPYOOTIPLOKOD TOTOL ival o1 Avyvieg KOBOSIK®OV aKTIVMV, Ol

TOALOYPEPOL KOl 01 POTOTOAAATAAGIOCTES .
1.3 Egapuoyéc tpopodotikmv

[opokdto Tapovctalovtol KATolES EPOPLOYEG OTTOL YPNCULOTOIOVVTAL TA TPOPOSOTIKA.
1.3.1 IHapoyn yia niektpoviko vmoloyioty

‘Eva. o0yxpovo tpopodoTikd vToAoyloth gival £va TPOQPOOOTIKO HETOY®YNG OV LETATPETEL
NV evoAlaooOpEVT Tapoyn Okthov oe ddpopeg tdoelg DC. Ta Tpo@odoTikd HETUY®OYNG

AVTIKOTEGTIGOV TO YPOUUKO TPOPOSOTIKO AGY® KOGTOVS, Bapoug kot peyédovg.
1.3.2 Tpogpodotiké cvyxoiineng

H ovykdiinon t0fov omortel pPeyGAo TOGG MAEKTPIKNG EVEPYEWNG (DOTE VO AMGCEL TIG
EMPAVEIEG TOV PETOAA®V, TPOKEWEVOD Vo eveBolv. H niektpikn evépyela mapéyetar and pio
POy PEVUOTOC GLUYKOAANOTG Kot pmopel va givan gite AC 1 DC. H ovykoiinon to6&ov
ocuwnBwg oamartel vymAd pedpata cvvnBog petagd 100 ko 350A. Opiopévor ToTOL
ouyKOAANoNG Umopel vo ypnowomolovv Aryotepo amd 10A, evd pepwés EQOPUOYES
ouyKOAANoNG amattovv pedpota vyniodtepa amd 60.000A ywo éva efopeTikd cuvTopo
ypovikd dwdotnuo. Ilododtepa, 10 TPOEOSOTIKA GULYKOAANGNG OmOTEAOUVIOV OO
LETAGYNUOTIGTES ) KIVITHPES TTOL KvoLcsav nAekTpoyevvitpiec. Ta tedevtaia xpovia, Op®G,
TOL TPOPOJOTIKA YPNCUYLOTOLOVV NHUYOYOVG Kol IKPOEMEEEPYUOTES, HELDOVOVTAG TO HUéEyehog

Kol To Bépog Tovc.
1.3.3 IHpoocapuoyéas AC

M mapoyn nhektpikod pedpatog , mov gtvar ytiopévn o éva AC @16 pedpatog lval yvoorn
O KUETOOYNUOTIOT » N « Tpooapuoyéag plug-in». Ymapyovv TOAAG dapopetikd €idn
TPOCAPUOYEDV giTe pE TO 1010 €idog Pfucpatog DC va mpocpépel dapopetikn Tdon 1 TOA®OT),
gite pe Swpopetikd Pdouata mov moapiyovv v 6o tdon  Ov universal mpocoappoyeig
TPOoTOOOVY VO AVTIKATAGTIGOVY OAOVG TOVG TOPATAV®, LE TN XPNOTN TOALOTAGV Pucudtoy

Kol ETMAOYEDV Y10 SLAQOPEC TAGELG KO TOAKOTITES.

O1 Onvotepec AC povadeg omoteAovVToL HOVo amd Eva (IKPO HETACYNUATIOT, evd ot DC
TPOCapPUOYEiC TEPIAAUPBAVOVY pHEPIKEG TPOGheTeg S1000VC. O UETOCYNUOTIOTHS TUPEXEL EVaL
UOYyVNTIKO TTEGI0 GLUVEXDG EVEPYO, TO OTTOL0 KOTA Kavova dgv Umopel va KAEIGEL EVIEADS, EKTOG

£0v amocuvoeel.
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Enedn katavolovouy apketd peduo akOUd Kol 68 KOTAGTOON OVOLOVNG, Ol TPOGOPHOYEIC

AC givar yvootol kot og "Bapmip nAekTpikng evépyelag'.

Avrtifeto, To TPOPOSOTIKA HETAY®OYNG MUTOPOVYV VO KOWOLV dloppon] amd TUKVOTEC,

ypnowonoidviag MOSFETSs youning woyvoc.
1.3.4 Ilpoortacio vreppoptions

Ta TpoPOJOTIKA GUYVA £YOVV TPOCTAGIN GO PPAYLKLKAMUA 1| VTEPPOPTIOT TOV UTOPEL Vo
PAdwer v mopoyn M vo mwpokaAécel mupkayld. Ot ao@AAEEG Kol Ol OLOKOTTEG TOV
KUKA®POTOC €ival 000 €VPEMG YPTCILOTOIOVUEVOL UNYUVICUOL Y10, TNV TPOCTAGCIO OTO

VILEPPOPTIGELC.

Opiopéva,  TPOPOJdOTIKA  YPTCLLOTOOVY  Beprikd  SLOKOTT GTO  HETACYNUATIOT avTi
ac@irelng. To TAEOVEKTNUO QVTNG TNG UETOTPOTNG €ivol OTL EMITPENETAL GTN UOVASA VO

TPoPrEeEL TEPLEGOTEPO PEVUN Y10 TEPLOPIGUEVO YPOVIKO SAGTNIO OO OTL UTOPEL VO TTOPEYEL.
1.3.5 Iepropiorijs pevparos

Mepikd TPOQOSOTIKA YPTCUYLOTOIOVV TEPLOPLOTH PELUATOC avTi Vo, KOBovV TV TTapoyn, Yo
ATOTPOTY| TNG VREPPOPTIONG. O1 dV0 TLTOL TEPLOPIGLOV PEVUATOG TTOV YPNCLOTOOVVTAL Efvarn

LEG® NAEKTPOVIKOD TTEPLOPIGLOV 1| TEPLOPIGHOV LE GUVOET avTioTao.
1.3.6 Meratponi evépyelag

O 6pog "mapoyn NAexTpucol pevpnoTos” Hepkés opés meplopileTal 6€ AVTEG TIG GUOKEVES
OV UETATPEMOLV KATOWL GAAN LOPON evEPYELDS O€ MAEKTPIOUO (OTmG KOTTOPO MALOKNG
EVEPYELOG, KOVGIL®V 1| YEVWITPLES). 'Evag To akpiPfng 6pog Y10 TIG GLOKEVEG TOV LETATPETOVY
L0 LOPOT NAEKTPIKNG EVEPYELWNG GE Mo GAAN popen €ival o petatpoméag pevpotoc. H mo

ovvndopévn petatpornn ivar and AC og DC.
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Ocwpntino vrofalpo

210 TapOV KEPALOLO TPAYUOTOTOEITOL 0VAALGT PACIKOV KUKA®UATOY Kot dlaTdEemy, mTov
Kpivovtol amapaitnTo vo yvopilel o avoyvaoetng MoTe va eivol £0IKEIMUEVOG LE TIC EVVOLES
Kol vo, Exel TANPN EKOVO Y10, TOV TPOTO GYESINONE KOl VAOTOINGNE TOV TPOPOSOTIKOD vl

Ao, GTUYUN.

2.1 Meracynuatiorijs

Q¢ petacynuotiot] opifovue TV MAEKTPIKT] GUGKELN 1| OTOi0, UEG® TMAEKTPOUOYVITIKNG
EMOYOYNG OV0 oLLEVYUEVOV MAEKTPIKAOV AYOYDV, HETOQEPEL eVEPYEWD, HETAED 000

KUKA®UATOV.

270 KOKA®UO TOL TPOPOJOTIKOD 7OV KUTOUCKEVAGOE, YPTCULOTOUCUUE LETOCYNIATIOT
vroPfipacuov. O HETAGYNUATIOTNC UETOPEPEL 1YY OTO TO OIKTVO TPOG TO KOKAMUO TOV
TPOPOJOOTIKOD cLVOPTHOEL TNG emBuunTg Téong oto dgvutepebov MNVIo, EVD TAVTOHYPOVA
ATOPOVAVEL TO KOKAWUE pog amd to diktvo. Eniong, vrofifalet v tdon tpopodociog 230V
0€ YOUNAOTEPEC TIWES, MOTE VO Un ONovpyel TPOPALOTO VIEPTACEMV GTO MAEKTPOVIKO

KOKA®UO.
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Y,

220V A.C.

Yypo 1 . Metaoynuatiomc vroPipacuod cuvoedeuévog e To HIKTVO

H oyéon ¢ tdoewg Tov Tpmtedovtog mviov Vp pe tn tdom tov dgutepeboviog Vs, OTMG

TPOKVTTEL 0O TO VOpO Tov Faraday, siva:

Vs Ng
Vo Np

Omov Np kot Ns ta TAMYHLOTO TOV TPOTEVOVTOS KOl TOV OEVTEPELOVTOC TNVIOV AVTIGTOLYO.

2.2 AvopOwaon

Avopbnoelg eivor o1t NAEKTPOVIKESG S10TAEELS OL OTTOIEG LETATPETOVY TV EVOAANGGOUEVT TAGT
o€ ovveyn. ZTo TAQiolO TNg mOPoLGHS OWAMpATIKNG epyociag Oa efgtdoovpe poOVO Ui
eleyyopeveg avopbmoelg. H vlomoinon toug yiveton péow 0166mv kot 1 Tdon 5660V TOVG

HETAPAAAETOL GOUPOVO, [LE TIC HETOPOAES TNG TAOTG TPOPOSOGING.
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2.2.1 Al avépOwon ue yépvpa

H duthn avopbwon pe yépupa viomoteitar pe TE0oEPIC O1000VC GLVOESEUEVEG OO TO

TOPOKATO YN0

D1 D2

Vin A.C.

D3 D4 —

Vout D.C.

Yyqpe 2. A avopbmeon pe yépupa
Koatd m Ogtikn numepiodo dyovv ot diodot D2 ko D3, evd xotd v apvntikn numepiodo

ayovv ot D1 ko D4.

OETIKN NUUTEPLOSOG —Vout
== Vin
D2
l D1
Vin | t
] D3 D4 Vout

Tyqpe 3. Otk NUIEPiodog oy@yng
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ApvnTikn nuutepiodog o i N . ﬂf‘\;\ f,m}
TREWENER S [\
3 1 f \ H B { \ | \
¢ P ke T L A [\
l o . oyl \d o \i i
i 4 X\ - A VA Y
Vin ) (i j i‘{ é; . \
] D3 D4 Vout :
Yypo 4. Apyntikn nurepiodog aywyng
—Vout
-==-Vin

Yype 5. ' EEodog dumAng avopbwong pe yépupa

H ovykexpipévn ovvdecuoroyia avopbmong ovopdletat exiong avophmtig TANpovs KOHATOG,

KkaBdg o1 diodot dyovv avd 600 og kKabe mepiodo g elwddov. H péon tiun g tdong e£660vg

dtvetan amod T oyéon:
V2V
T

1 (" .
f V2VITS sin(t) dt = Vyye =
0

Vout = =
out T

2.2.2 Al aviopBwon us mokvo Ty EEopudiovens

AdYO amoAEldV amd TTOON TAOMG OTIS S10d0VE, GTO TOPATAVED KOKA®UO ypedletal vo
Tpochécovpe Evay TUKVOTY UEYAANG YOPNTIKOTNTAS TapdAAnia pe to @optio. Katd
mePiodo aywyng, 0 MUKVOTHG amobnikedel evépyela, TNV omoio 0modidel 610 POPTIO KATH T
dudpkela g meptodov un aywyne. 'Etol, evd ol amdAeleg and kdbe diodo eivar mepimov

0,66V, n péon thorn &£6dov g avopbwong avédveton. H péon tdon petd amd Tto
21




euLtpapiopa Tov kvt sivan 1,41 -V, , 0mov Ve 1 H€om 1dom €£0600V TG avopbwonc.

H dwdkacio avt kaAeitan eEopddvvon.

J D1 D2

Vin A.C. i l

[ D 3 D4 :+ 1,41 x Vout

Vout D.C. 1 I

Yypa 6. Autdn avopbomon pe mokvaot eEopdivveng

\%

@ Tdon €£68ou avopBwong
@ Tdon oTa dKpa TTUKVWTH

KAt TNV dopTion
@ Tdon ota dKpo TUKVWTH
KT TNV ekdOPTION

DoOpTION TUKVWTH ExdOpTION TUKVWTH

® Taon ££odou avopBwong
ue mukvwtn €opdAuvong

Yypae 7 . Taon e£6dov avopbwong pe Tokvmt) eEopdivveong
2.3 Xralepomontng

H tdon €£6dov 1oL cvotiuotoc avopbwong pe Tokveot) gEopdivvong, Omw¢ eidape
mopomave, Ogv  eivor otobepn. T va  efodelyovps T KopotOoslg ovtég  Oa
YPTOULOTOGOVUE €Va, KOKA®UO, oTabeponoinong, To omoio gaivetal oty mapdypoaeo 3.2.
To xkOKAouo owtd eivar TPopLOGHEVO GE OPICUEVEC TIUEC TAOMG KOl PEVUATOS, EVA M
€10000¢ 1oL givan o KGO TepinTmon tdon vynAdTepN amod T otabepn tdon e£6dov. ‘Etot, pe
TNV €QOPUOYN TOV oTobepomoint UETd Tov TukveTth efopdivvong, 1 €£000¢ Hag €yl

HOPON:
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= Vout

Yypo 8. E&odog otabepomonti
2.4 Xvvoeouoioyia Darlington

H ovvdeoporoyio Darlington anoteAgitat omd Eva (edhyog dumoikdv tpaviictop cuvdedepéva
mote va Stopolpdlovtol To CLAAEKTN Kol 0 eKTOUTOG evOg va etvar Bdon tov dAlov. ‘Etot,
oynuatifeton éva KoKAopa pe akpodékteg tpaviiotop (Paom, cvAléxtr, exmound). Extog and
TO MYOTEPO YDPO TOL KATAAAUPAVEL KATOCKEVOGTIKA 1] GLVOEGHOAOYIO oVTY, VTl TV dVO
16000VOUOV TPavIIGTOp, HOG TPOSPEPEL TN dLVATOTNTO Vo £YOVUE LYNAY cOVOETN avticToon
€10000V Kot Kupimg VYNAO KEPSOG PEVUATOG. ZVYKEKPIUEVA, Yo Ba Kot P TO KEPOOC TV

empépovg tpaviiotop, to Darlington éyet k€pdog Poa=Pa*Ps-

C

E

Tyfqua 9. Zevyog tpaviictop NPN og cuvdsoporoyia Darlington
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2.5 2vvoeouoioyics TE.

25.1 Awxdlovbos taong

H ppdtepn dvvary evicyvoon mov pmopel va emttevydel pe €vov TEAESTIKO EVIGYVLTN &ival

HEG® NG GLVOEGHOAOYIOG akoAovBov Thomg kot eival ion pe 1.

O =+

Xympa 10. AxdérovBog téong

H oyéon tdoemv e166d0v - e£6d0v eiva:

Vour = Vi
2.5.2 QOloxinpwthg

lNa vo #poaypatomomcovpe T HAONUOTIK]  OAOKANP®OYN  WOG  KLUOTOUOPONG,

YPTOULOTOLOVLE TN GLUVOEGLOAOYIO TOV OAOKANPOTY EVIGYVLTN.

C
|1
1

Xyfqpna 11. OhokAnpmtig

24




H oyéon tacewv 10600V - £050v glva:

1
Vout = _ﬁf Vindt

2.6 Awupérnyg taons

Q¢ Swupétn tdomn opifovpe ™ Odtaln OO &v GEPA OAVTICTACE®MV. XTA GKPO TOLG

epoppoletar n Téon 16000V Kot 6T0 HEGO TOVG 1) Tdon e£6d0v.

V.

n

Zypae 13. Atopétng téong

H oyéon peta&d tdoemv e1c6d0v - e£6d0v givor 1 €Ng:

R,

V,y=—o—
Ut T R 4R,

Vin
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Yionoinon kou katackevn

‘Eyxovtag peletnoet Pooikéc KUKA®UOTIKEG €VVOIEG YlO. TNV KOTOVONGN NG KOTUGKELTG,

UTOPOVLLE VO EEKIVIIGOVE TNV KOTOGKEDT) TOV GUUUETPIKOV TpoPodotikov 0-30V, 0-5A.
3.1 Tpogoootiko

Onwg éget MOn yiver oavinmtd, €va GTOWEWDOES TPOPOSOTIKO akoAovBel TO mapaKAT®

didypappor porig:

™\
e
i N

y 7

\ /

vl

\ S

/

AIKTYO AC @[ M/z

=2 ®OPTIO

Tyqpo 14, Adypoppo pofg TpopodoTikon
Ot TpocHNKeg OV TPOUYUATOTOMONKAY GTO TOPATAVED O1AYPOUIO. Y10, VO, VAOTOUGOVLE TO
TPOPOOOTIKO MTAV:
o XOOTNUA OVOPOPAC KAl EAEYYOL TOV PEVLATOG
o Y0oTNUA ovOQOPAS Kot EAEYYXOL TNG TAoMg

o Pelé emhoync avapeco og KOVOVIKT KOl GUUUETPIKT] AELTOVPYia,
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o Al0QOopeTIKO VTOKVKAWMUO 0TABEPOTOINGNG Yo TNV KOVOVIKT TAoT €E600V Kot TIC
GUUUETPUKES

o  Mikpoene€epyoaotng Arduino UNO R3 yia p0Buion pevpdtov Kol Tacemv avapopag
uéow encoder kot ovamopicTact) EMAOYOV-0TOTELEGUATOV 68 006vn LCD

e  ON-OFF Switch

e Aocopdlela ylo TPOGTAGIO TOV GLGTNHLOTOSG

3.2 HlekTpoviko koxkiomuo

To nhexTpovikd GYNUOATIKO OV KOTOCKEVAGTIKE QOIVETOL GTNV TOPAKATO GEAIDN, OTMG KoL
10 PCB. Ta mafntikd otoyeia, tpaviictop, 610501 Kot TEAECTIKOL EVIGYVTEG TOV EMAEYON KOV

glvan ta €Ng:

| Avnotdong qutic
R1 100Q C1 2200uF IC1A LT1490
R2 100Q C2 10nF IC2A LT1490
R3 10kQ C3 1nF IC2B LT1490
R4 100Q C4 10nF IC3A LT1490
R5 1Q C5 10nF IC3B LT1490
R6 1Q C6 10000uF IC4 7824T
R7 47Q Cc7 10000uF IC5 7808T
RS 10kQ Cc8 100nF
RY 9kQ C9 100nF
R10 1kQ C10 47yF LTC6101
R11 10kQ c11 47uF REF195
R12 10kQ C12 100nF REF198
R13 100Q C13 47yF AD5323
R14 100Q Cl4 100nF
R15 10kQ C15 100nF
R16 10kQ C16 47uF K1 G2R2A
R17 4,88kQ C17 330nF
R18 10kQ C18 330nF
R19 10kQ C19 47uF Q1 MJE15030
R20 10kQ C20 330nF Q2 MG6330
R21 1kQ c21 100uF Q3 MG6330
R22 1kQ c22 330nF Q4 MG6330
R23 33kQ Q5 MG6330
R24 2,2kQ Q6 MJE15030
R25 20mQ D1 1N4148 Q7 MJE15031
D2 1N4148 Q8 BC547
D3 1N4148 Q9 BC547
D4 1N4148 Q10 BC557B
D5 BYTO8P

Mivakag 1. EEapthuato tpo@odotikon
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Ic4
7824T

+

-

-

Q6
MJE15030

R1
100

53388-08
1

uC Controller

CT7.]CT
= | ==
33007 1000
3
2 &
8 5
Lo20m 5H] -
X1-20=)2 - L g
GHSTE =
I}son z
ND
e c7 oles
) = =S5 glls ZUs
Bridge Rectifier 2200u 1000Gui 0000u
]
BYTOP 4 i -
1 Lo | oy
KA GND
&ND ¥ ¥ o
P - =
IFOIP =
2 2 5
e \
o
— Hr T
I D
1 i B
JF. IC2A
R ‘
e = o LT1480
=]| T
ol ~[]g ©2 B“E
ol e |
e
15
GND
bl s
Of s .
5 o fm)
Eq4de— FELEEP" 5 101
_LCJ LH_CI

g

Q4
MGB330

Positive

IJ Q7
MJE15031

#7y 104n

GND pegesa fieep

_l_g(ﬂ'l

Wru

GND

GNIJ

Yympa 15, Hiektpovikd kOKAmpo

GND

Qas
MG6330
S
z) =
END
Virtual Ground
V_GND
GND
Negative
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MG6330

o
™,
b
[{s)
Q
=

Q2

030

I~

»
MJE1

Xyqpo 16. PCB
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3.3 Emeénynon kokiopuatog

Amd Bridge Rectifier £épyeton m téon petd amd 10 petacynUatiot! Kot ) duthn avopbmon. Ot

mokvatég Cl, C6 ko C7 ypnoonotobviot oav TukvaTtég Eopdivveng.

&on Bridge Rectifier

Yympoe 17. E€opoioon LTspicelV

H 6i0dog D5 mpokoiei mtdon tdong. 'Etot, égovpe tdon GND-0,6V ndave ot 6iodo, mov Oa
ypnowonombel cav apvnTikn TAON TPOQPOJOGING OTOVG TEAEGTIKODS EVIGYLTEG Yo V.
umopovv va, mapdyovy téomn 0V oty £€odo.

Ta otoyeia 1C4 ko ICS poli pe toug mokvetég C17, C18, C20, C21 ko C22 Aertovpyovv
ocav éva Bonntkd kdxiopa otabeporoinong. O IC4 Bydler otabepomomuéva 24V vy va
tpoodotnoel 10 peré. To 24V émerto vmoPifalovion e 8V amd tov IC5, yu va
Tpogodotioovy pécm tmv decoupling nukvetdv C12, C13 kot C14 ta ynoelakd KokAdpoTo
TOPUYOYNG TAGEOV ovapopds. Ol TUKVOTEC TOV VIOKLVKAMUOTOC €miong Aettovpyohv Gov

decoupling vynAGV Kot TOPOCITIKOY GLUYVOTHTOV.

To vmoxvkhopa 1 wpoxetor yio myn pedpatog. [oilwvovrog tig 610d0vg D3, D4 pe v
avtiotaon R7, égovpe ot Paon tov tpaviictop tdon 1,4V. Enetta, to pedpa mov mapdyeton
givan (dopopd duvapkov Baong-ekmounov=0,7V) 5,833mA. H Aettovpyia tov mukvety C5
glvar va BpoyyvkukAdvel Tnv yn pedpaTog mov Bempntikd €xel dneprn ocvvlern avtictoon
(eumédnon).

To pedpa owtd odnyeiton ota Darlington tpaviictopg Q1, Q2 kot Q3 ta omoia pog divovv v
KOVOVIKT] Hog Taon. Ot avTIoTAcELS oV Eival GUVOEIEUEVEG GE GEIPA LLE TOVG EKTOUTOVG TOV
tpaviiotop (R5 ot R6) Asttovpyodv cav évog tomikog Ppdyog avadpaons. o Adyovg

KOTOOKELAGTIKOV SPUAUATOV, Ta. TpaviicTop ciyovpa dev £xovv idto képdog. To tpaviictop
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mov tpafdel mepliocdtepo pedpa Ba €yl kot peyohdTepN TTMOGN TAGCTG OTNV OVTIIGTOUN
avtioTaon).

O1 teleotikoi evioyutég IC2A kot IC2B Aettovpyodv cav pubuctég tov embountod pedpatog
Kol TaoNG avrtictolya, oexouevol g avapopd Tpég and to DAC. Eved 1o kikhopud pog sivot
(oxedov) DC kot Bo pmopovcape vo, ypnoLLOTOI0V0HUE GUYKPITEG EVIGYVTEG Yol TNV 10l
dovdeld, mpotiunOnkav ohokinpwtés. O Adyog eivon mwg oe DC Aettovpyia ot oAoKANP®TEG
doviebovy oav GLYKPITEG KOl 0modidoovy kEPSOG avorytov Ppoyov. Xe AC Aettovpyia ot
GUYKPITEG AELTOVPYOVV GOV OVOCTPEPOVTES EVIOYVTES, €V 0G0 aw&dvel M cvyvotnTa
HELOVETOL TO PETPO TNG evarlhaooouevns €odov (ripple). ‘Etot, ot tiuéc tov mukvotov C3,

C4 £yovv opiotel Baoet Tov ypovou amdKpiong (1dkd otov C4 kabmg pag EVOLEQEPE VAL KAVEL

Aeto mepropiopd pevLATOC).

Zypa 18. E&opoiowon LTspicelV
210 TOPAmAVEO GYNUO TOPATNPOVUE ToV AOY0o Tov &xovv tomobetnfel ot 6iodotl otnv éEodo
TOV TEAEGTIKOV EVIGYLTAV Yo EAeYY0. [lapatnpolpe mwg 6tav 1 tdon e£600v Eemepviet TNV
emBountn, 0 TukveTg apyilel va anopoptilel Emg 6Tov va apyicel va dyest n dlodog Kot va
&yovpe 010pHwom g Tdong e£000V. X AVTIGTOLO YPAPN L OOV dev Bal YPNCIHLOTOI0VGAE

O0AOKANPOTEG Kat 3108006, Ba Tapatnpovcape morld spikes katd tig petofdoeis.

Ot avtotdoeig R9, R10 ypnopedovv cav dtoupég tdong otnv tdomn e£6dov (Vou/10), evd ot

R21, R22 cav feedback tg téong £660v mpog tov pikpoeneepyaot.

To vmokvklwue 2 amotekel wio avtiotacn (4-wire) Kelvin. H ovvdeopoloyio avth
Aertovpyel oav evioyvtg pevpatog shunt (current sense amplifier) ko diver otnv £é£0d0 Tdom
aVAAOYT TOL PELLTOC OV JlappEEL TNV avtiotact 20mQ. H tdorn avth xpnoipevstl cov tdon
€10660v oto LTC, 1 €£000¢ TOVL 0TOIOV KATUANYEL GTOV AVOCTPEPOVTO OKPOOEKTT €GOS0V

tov T.E. IC2A.

Ta oAoxAnpopéva ADS323 ka1 REF195, REF198 ypnoyomomniay yio emtkovavio Pe Tov
pkpoenegepyaotn kot EAeYY0 TV avapopav avtiotorya. To AD5323 aroteiei DAC (digital
to analog converter), o kOkAopo A tov omoiov ypnouonolgitat yio £Aeyyo tdomng kot to B
v éleyyo tov pevuartog. ‘Etor, 1 VOUTA dbiver v téon avagopdc, VOUTB 1o peoua
€€660v (ovolooTIKG TV TAOT OV avtictolel og pedua), VREFA v péyiom tdon oty

£€0do kau VREFB 10 péyioto pevpa oty €£0do. To REF195 ypnoyomoteitar yioo pOOuon
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Tov otobumv kodwomoinong ¢ tdong, evd 1o REF198 tov pevpotoc. Ot dvo
otobepomomtég axpifeiog divouv cav output 0-4,096V kor 0-5V avtictoya. O Adyog mov
emAEXONKaV o1 TYéG antég eivan 6t 1 kKwdikomoinon Tov Arduino €xst 12-bit kwdikomoinon
Kot Gpa 21%=4096 otafuec. o v tdon ypnoomomoape 0-3.000 otdBueg Kot yio o pedpa
0-4.000 otabues. H avaroyio yio ™ poOon g téong eivor 4,096V / 4.0960ta0pec. o
Kké0e éva dvadikd ynoeio oto DAC, avtietorel 1MV avagopdc mov avtictoyobv oe 10mV
Tdong €£600v Tov TPoPodotTiKoD. Opota yio To pedpa 1 avaroyio etvar SA / 4.0966t60uec. To
éva dvadikd ymeio DAC, avtictoyel og 1,221mV avaeopdg kot 1,25mA pedua e£6d0v
(apov yivelr moAloamAactoopog X8 mpv v €000 Yo va emitevydel 1 duvatdTTa pLdUIcT
10mA). Adym g avaeopds 1,221mV, n avtictaon R17 emhéynke 4,88KQ (Svotuymg dev
vrapyel oto gundplo 4,884kQ mov OBa Mrov Péltiom emhoyn, Ba Sodue T amokAicelg
TPOKaAEL TN M WKpN dpopd oto kepdrato 5). Ot mukvotéc C8, C9, C10, C11 kot C2

givau decoupling nukvmtéc, mov Bonbodv oe Tomikn amocvlevén.

Ov axoiovbor taong IC3A ko IC3B kavouv amopudvmon oe mopdacita. Oco pikpdTepn
gumédnon €£0d0v 1060 M ££0d0¢ dev emmpealetarl amd TvyOV BopvPoLE TOV TPOEPYOVTAL AUTTO
To. O1AQOpa GTOLKEIDL TOL TPOPOJOTIKOD (Y WIKPY OTOCTUCT Omd TO UETOACYNUOTIOTY,
kodwdwunoelg ktA). H é€odog twv dv0 axdAovBwov ypnoiuomnoleitol cov €i60d0g GTOV
pikpoeneEepyaotn yuo. EAEYYO NG TAONG €£000V Kol TNG TAGNC TOL AVTICTOWXEL GTO PEVUA
g€ddov.

To vroxvKhoua 3 anoteiel KAUGOIKN d14TaENn 001 yNoNG PEAL.

To vrokvKhopa 4 koAeiton quasi complementary current follower kot amotedei un ypoppukod
otoeio. H pun ypopukdémmtd tov dopbdvetar péow tov ICLA, o omoiog Aettovpyel cav
Bpdyog avadpaong Tov KUKAMUOTOS. XKOTOG TOV OAOL KUKAMUOTOG €ivar M avénom tov
pevpatoc e£660v, OTaV YIVETOL ATOHOVOCT) LECH TOVL PEAE.

Mo mv acedieln Tov KukA®UOTOG, émpeme vo, yo&ovpe to TpaviicTop KOTOAANA®MC. XE
Kavovikn Asttovpyia, Ppayvkdkioue Bo mpokaiovos katavalmon (yio 0V g&€bdov,
36VX5A=) 180W fwg (ypapuikd, 30V e£o6dov, 6VX5A=) 30W. Avrtictoyo, ywo
ovpuetpikny Aettovpyia (yioo OV péon €€660v) OW £mg (ypoupukd, 30V ovouoaotiko,
15Vx5A=) 75W. Ta MG6330 éxovv avtoyn £og 200W, dpa KOTOOKELOGTIKG Ogv VIAPYEL
0éua, evo yo ta Ql, Q6, Q7 mov dev €yovv UeyOAN KATOVAA®GT), 0gv VLTAPYEL OEua
Tapopoov eréyyov. o Aettovpyion Pdost mpodiaypapav, ta tpaviictop Oo mpémer va
Aertovpyodv oe 60-70°C. Me drapopikd Oepuokpacioc 45°C, n yhAktpa mov emhéEape £xet
rating (45°C/180W=) 0,25.
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3.4 AerTouéperes KATAGKEVNS

v mopodoo TUPAYPOPO GNUELOVOVTOL AETTOUEPEIES TNG KATOOKELNG, PEATIGTOMOMGELS

KaBdG Kot TPoPAN LT TOV EVIOTIGTNKAY Kol EMAVONKAY KaTd TV VAOTOINoN.

To caoi mov emdéydnke givan dactdcemv 32x16x15 cm

Mo v tpogodocia tng cvokevng and 1o diktvo emiéydnke Cl4 IEC Levkng. H
v Baon Tov IEC nepiéyet kot ao@dieio mov Tpoceépel EMTAEOV TPOGTAGIO GTO
KOKA®UA pog.

O petaoynpatioms vroPfiPacuod mov emAéyOnKe eivatl TOPoEdOVS TLPHVA PEPPITY,
Kataokevaouévog and v gtaipio Tiudbeoc A. Tatpdg (300VA, 50H, 230V/2x28V).
O wikpoeme&epyaotg etvar Arduino UNO R3.

INo aropuyn vrepBéppovong tov tpaviictop Q1 éwg Q7 ypnowomomnke peydin
ynktpa (12x6x15cm) mov tomobethOnke eE®TEPIKA TG GLGKELNG OTO THO® PEPOC,
EVO OO TOL VITOAOLTA, YOYOVTOL UE WKPEG WIKTPES.

Ta tpaviiotop Q2 ¢wg Q5 kapeadnKav 6TV YAKTPA HE UETAAAKES aAevOPLdeg M3,
evod T Q1, Q6 ko Q7 pe mhootikég Pideg emiong M3.

H ynxrpa givor Prdopévn oto caci pe aievopideg MS. INa ) dbvoién tov tpundv
ov Pdbnkav ta tpaviictop Q1 éwg Q7, ypnoiponomdnke cdNpoTphnavo aépog
Kol émerta kohaovio M3.

H enagn tov mapomdve tpaviictop &ywve pe v ymkrpa €ywve o¢ e&ng mAdT
tpoviiotop - mhoto - pikeg T.O. 220 xou T.O. 247 avtictorya (cthkdvng, Oev
VNPV KAOOIKEC 6T0 epmdplo ek yio T.O. 247) - mdota -ynKTpo.

INa ta Ttopdbupo oty TPOGOYN Kot T0 Tow péPog ypnoiponodnke Dremel tdéoo
Y t0 KOYo (diokompiovo G1d1pov) 600 Kol Yo TN Aelaven Tov mhoisiov wov
dnpovpyndnke.

Yav Paon tov pkpoemetepyaotn kot tov LCD Screen, ypnowomomfnke I
arovuviov dwactdoemv 5x10x12 cm. INa otepémon g Pacemc avtig, dtavoiydnkoy
TPUTEC 6T PAoT TOV 0aGT Kal Pe TPLTeIvaddpo ToToOETNONKAY TPLTGIvVIa [LE GTPOPES
(omeipopa).

I t1g 6TpOYYVLAEG TPOTTEG TNV TPOGOYT TOL GOGT YPNCIUOTOMONKE TOTNPOTPVTOVO
petdAlov yo to encoder kot kovkovvapt (step drill bit) yio to On-Off switch. I'a Tig
TPOTEC Y10 TIG PROpVES ¥PNOoYOTOMONKE OmMAd UETAAMKO TPLTTAVL StTOUNG 2CM Kot
Dremel yio dnpuovpyia tng vwodoyng yio. to Stop mov £xouv.

Eme1d1] to encoder éyave kamoteg pubuicetg, tomobetOniay 600 KEPUUKOL TOKVOTEG

10nF 63V. 'Etol, mapovoidleton PeAtioon otov aplbud tov pubuicemv mov
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VAOTOOVVTOL OAAG KOl HIKPY] KOBLGTEPNON O©TO YPOVO TOL EVIUEPDOVETOL O
LIKPOENEEEPYAOTIG.

e Y& OA TO KUKADUOTO, EKTOG amd TA KOvOViKG onuein otnpi&ng tovg, Tpootédnkay
OTOGTATES Y10, VOL U1V £PYOVTOL GE ETOPN UE TO GOGT N Le GALD KUKADUATO.

o T vo potiler o LED mov éxer o On-Off Switch, npootédnke amhd kaAmolo otny
TeAEVTAiO TIGTO TOV NAEKTPOVIKOD KUKAMUOATOG OV deV eRQavIfeTal mapomdve Kot
dev gmnpedlet T Aertovpyia ToL.

e T Vv évwon Tov encoder kKot TOL GULOTHUOATOG OVOPOPES TOL MAEKTPOVIKOD
KUKADUOTOC LE TO PKpoeTeEepyaoTh TPOTIUAONKE KAA®SIOTOVIA.

e Ta vmolowmo KoA®OW O&OMKAV pe OeUaTIKO KOA®MIIOV 00TMG (MOTE Vo UnV
UETAKIVOOVTOL KOTG TN HETOQOPG TOV TPOPOSOTIKOD KO VO U1 ONHIOLPYHGOLV
TPOPANO BPoryLKLKADLOTOG.

e Olo 1o KOADOW 7TOL eivor peTa&h VO EEYMPIOTOV TUNUATOV TOV GLVOALKOV

KUKA®UOTOG EEKIVODV KOl KOTOAYOUV G KAEUES.

3.5 Dwroypapics katackevacOivros TpoPodoTiKov

daroypagioa 7. Kdtoyn tpopodotikon
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Ddortoypagia 8. [Ipdcoyn Tpoeodoticon

Ddartoypagia 9. [Ticw 6yn TpoPOSOTIKOD
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Dotoypagio 11. Hiektpoviko khkAmpo
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dotoypogio 13. Kbkhoua encoder kot pmdpveg
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78U 3.130
e |

Dortoypogia 14. PuOpuon kavovikng Asttovpyiog (9,78V 3,13A)

dotoypogio 15. PHOuon coppetpiknc Asttovpyiag (+4,89V 3,13A)




Hpoypouuatiocuog

Axolovbel 0 KOIKOG TPOYPUUUATIGHOD TOV piKpoeneéepyaotn Arduino.
4.1 Kwmdikag kou cyolia

#include <LiquidCrystal.h> /*Eicayeyn BLBALOBAKNG yLia XeLlpLtoud toU
LCD Screen*/
#include "SPI.h" /*ELoayoyh BLBALOBAKNG yvia Xelptoud tou SPI Bus*/

LiquidCrystal lcd(7, 6, 5, 4, 3, 2); /*Apxlxromolnon TtV OKPOSEKTOV
oUuvdeonc Tng LCD Screen pe 1tov plkpoemefepyootn*/

int voltagel; // Optopdc petoaBAntdv //

unsigned long currentTime;

unsigned long loopTime;

unsigned long blinkTime;

int flag; /*Inuaia oplopoU twv meplntdocenyv digit mou petafddioupe*/
int ivset[9] = { O, O, O, O, 0, 0, O, O, O }; /*Apx.xomoinon Twv
Béocwv Tng oBdVNC mou unopouus vo gmeéegpyaocTotue*/

int ivlim[9] = { O, 3, 9, 9, 9, 5, 9, 9, 1 }; /*OpiLopdc upeylotwv
TLEOV TV nopamdve B&cewv*/

int val 1; //Bon®ntikég petaBAntéc uvmoloyLlouou//

int val 2;

int val 3;

int val 4;

int valo; // Tiup £&b6dou //

int vali; //Tiph €10680u//

int oldvalo = 1; // Tahié& tipn £&6dou //
int oldflag = 1; // ToALt& tiuf onuoaloc//
int ss = 10; // Slave selector //

int del = 200; // EmiLioyh xobuoctépnonc //
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8; // Opioudc PIN, octoBepd//
const int pin B 9; // OpLopdc PIN, otaBepd//
const int pin ¢ = 1; // Opioupdg PIN, octoabepd//
unsigned char encoder A; // Mn mpoonuacuévol apltbuol, yia xeiptopd

encoder //

const int pin A

unsigned char encoder B; // Mn mpoonuoocpévol aptbuol, yia xetptoud
encoder //
unsigned char encoder A prev = 0; // Mn mpoonuoacupévol aptdpol, yio

xeLpLopd encoder //

int vale = 0;
/%
*/
void setup() //Bpx Lromolnon oBdvng//
{

pinMode (ss, OUTPUT) ;
pinMode (pin_c, OUTPUT) ;

SPI.begin() ; // RAeUnvion tou SPI Bus kol oplopdg UnmodoXHg Twv
Bit//

SPI.setBitOrder (MSBFIRST) ;

SPI.setDataMode (SPI_MODE1L) ;

SPI.setClockDivider (8) ;

pinMode (pin A, INPUT);

pinMode (pin B, INPUT);

lcd.begin(l6, 2); /* H 006vn ovtilpetonliletal oov mivakoag 16x2.
Tio 1,2sec moapouctiéaletal*/

led.print("Isidoros Kollias"); /*ufvupa Isidoros Kollias*/

lcd.setCursor (0, 1); /*NTUA 2013 PSU*/
lcd.print ("NTUA 2013 PSU");
delay (1200);

lcd.setCursor (0, 0);

led.print (" .V . AM); /* ol fmnelta mopoapévouv otabepéc
oL evdegifeilgc V A koL A, énwg rat */
/* oL UnodLlooToAéC petallU TV
pubuicenv*/
lcd.setCursor (0, 1);
lcd.print (" . A"M);

currentTime = millis ()

loopTime = currentTime;
blinkTime = currentTime;
digitalWrite(pin_c, LOW);
}
/*

40




*/

void setValueA(int wvalue)

{
int a; /* ALadlkacla evnuépwong KoL PeTaBoOANC
€O0WTEPLKOU KUKAQUATOGC, OVAPOPOY KTA*/
int b;
a = value / 256;
b = value - (a * 256);
digitalWrite(ss, LOW);
SPI.transfer(a);
SPI.transfer (b) ;
digitalWrite(ss, HIGH);
}
/*

void setValueB(int wvalue)

{
int ay /* AtadLrkocia evnuépwong KoL PETARBOAAC
€0WTEPLKOU KUKAQUATOG, OVAPOPOV KIA*/
int b;
a = 128 4+ (value / 256);
b = value - (a * 250);
digitalWrite(ss, LOW);
SPI.transfer(a);
SPI.transfer (b) ;
digitalWrite(ss, HIGH);
}
/*

void loop()
{

currentTime = millis(); // OplLopdbc TOoU KUKAOU HUNYXOVACQ
coe lmsec //
if (currentTime >= (loopTime + 500))

{
int reading = digitalRead(12);
if (reading == HIGH) // EAeyxog ov n onuoia eival oe
ploa and ti¢ 8 miBavég mepLotdocsLlg //
{

if(flag < 8)
flag++;
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else
flag = 0;
}

loopTime = millis();

}

encoder A digitalRead(pin A); // Avé&yveon pubplocecwv encoder //
encoder B = digitalRead(pin B);
if (('encoder A) && (encoder A prev))

{
if (encoder B) //E&v o encoder otépetal de&LdoTpopa//
{
switch(flag) /* Yndpxouv 8 KATXACTHOE LG IIOU UIOPOUV
va pubuLotouv, 4 via 1o peUupa kot 4 yia tn tdon */
{
case 1:
if(valo * (1 + ivset[8]) < 2001)
valo = valo + (1000 * (1 4+ ivset[8]1)):
break;
case 2:
if(valo < 2901) wvalo = valo + (100 * (1 4+ ivset[8])):
break;
case 3:
if(valo < 2991) valo = valo + (10 * (1 + ivset[8])):
break;
case 4:
if(valo < 3000) wvalo = valo + (1 * (1 + ivset[8])):
break;
case 5:
if(vali < 401) wvali = vali + 100;
break;
case
if(vali < 491) vali = vali + 10;
break;
case '/
if(vali < 500) wvali = vali + 1;
break;
case §:
ivset[8] = 1;
break;
}
}
else //E&v o encoder otépetal aplotepdoTpooa//
{
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switch(flag)

{

case

case

case

case

case

case

case

case

}

encoder A pr
apybTeEpa */

if(ivset[8])

if(valo > *

break;

) valo = valo - ( (1 + ivset[8])):

*

if(valo ) valo valo - ( (1L + ivset[3])):

break;

*

if(valo ) valo valo - ( (1 + ivset[8]));

break;

*

if(valo ) valo valo - ( (1 + ivset[8]));

break;

if(vali ) vali vali

break;

if(vali ) vali vali

’

break;

if(vali ) vali vali

break;

ivset[8] =

’

break;

ev = encoder A; /* Amobnxeuocn Ing TLUNG TOU A vyl

{
voltagel = valo / 2;
}
else
{
voltagel = valo;
}
ivset[1l] = voltagel / ; // Alatnpeltal pévo 10 mpdTo Ynelo.

Ix via 1234/1000

(

ivset[2]

=1,234 -> 1 diatnpeltaL //

* ivset[1]1)) / ;

voltagel - (
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ivset[3]

ivset[4]

(ivset[

ivset[5]
ivset[6]
ivset[7]
val
val

val

val

if(?valo '= oldvalo) |
0846vn TV mopandvwe UIOAOY Lou®v //

{

}

lcd.
lcd.
lcd.
lcd.
lcd.
lcd.
lcd.
lcd.

{

(voltagel - ( * ivset[1])

(voltagel - ( * ivset[1])

)

] *

vali / ;

(vali - ( * ivset[5])) /

(vali - ( * ivset[5]) - (

1 =

’

( * ivset[2])) /

( * ivset[2])) -

* ivset[6])):;

2

3 =

vale /

(vale -

(vale -

; // Ymoloyloudc petuatoc e&ddou //
( * val 1)) / ;

- * val 2)) / 10;

4 = (vale - (

(flag

lcd.
lcd.
lcd.
lcd.
lcd.
lcd.
lcd.
lcd.
lcd.
lcd.
lcd.
lcd.

setCursor (3, 0);
print (ivset[1]);
setCursor (4, 0);
print (ivset[2]);
setCursor (6, 0);
print (ivset[3]);
setCursor (7, 0);
print (ivset[4]);
setCursor (11, 0);
print (ivset[5]);
setCursor (13, 0);
print (ivset[6]) ;
lcd.setCursor (14, 0);
lcd.print(ivset[71);
oldvalo valo;
oldflag flag;

setCursor (3, 1);
print(val 1);
setCursor (4,
print(val 2);
setCursor (6,
print(val 3);
setCursor (7,
print(val 4);

);
);
);

if (currentTime >= (blinkTime
switch(flag)
{
case lcd.setCursor (3,
case lcd.setCursor (4,
case lcd.setCursor (6,
case lcd.setCursor (7,
case lcd.setCursor(
case lcd.setCursor(
case lcd.setCursor (
case lcd.setCursor (

( * val 1)

* val 1)

- (
'= oldflag))

+ ))

; lced.print ("
lcd.print ("
; lcd.print ("
lcd.print ("
; lced.print ("
led.print ("
; lcd.print ("
; lcd.print ("

~— N~
~

* val 2)) -

(val 3 * );
// Anddoon oTnv

") ; break;
") ; break;
") ; break;
") ; break;
") ; break;
") ; break;
") ; break;
") ; break;
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}
else
{
lcd.setCursor (3, 0);
lcd.print (ivset[1]);
lcd.setCursor (4, 0);
led.print(ivset[2]);
lcd.setCursor (6, 0);
lcd.print (ivset[3]) ;
lcd.setCursor (7, 0);
lcd.print (ivset[4]) ;
lcd.setCursor (11, 0);
led.print(ivset[5]);
lcd.setCursor (13, 0);
lcd.print (ivset[6]) ;
lcd.setCursor (14, 0);
led.print (ivset[7]1) ;
if(ivset[8])
{
lcd.setCursor (10, 1);
led.print (" Symm ") ;
}
else
{
lcd.setCursor (10, 1);
led.print ("Normal™) ;
}
}
if (currentTime >= (blinkTime + )) //OptLopdbg emLAOYAC MmO LoU
digit 1tng o08dévng umopoUus va ennpedcounpe//
{
blinkTime = currentTime;
}
if(ivset[8])
{
digitalWrite(pin c, HIGH);
lcd.setCursor (0, 0);
led.print ("+/-");
}
else
{
digitalWrite(pin c, LOW);
lcd.setCursor (0, 0);
lcd.print (" ")
}

vale = analogRead(l) / 2; // Evnuépwon ocvotiuatog //
setValueA(valo) ;
setValueB(8 * vali);




Merpnoeig

Ol TOPOKATO TOWOTIKEG UETPNGCELS £YVAV HE YPNON TOAVUETPOV (TOPUKAT® Ol TIUESG
gupaviCovtol cav PHECOS OPOC TOV PUETPNCEMV OV ANEONKAY amd dV0 TOADUETPA, Y0 KATE, TO
duvatov pHeiwon TOV GEUAUATOV TOV oPeilovTal 6T Opyova/probes KTA), WAPOATOUETPOV
akpifeiog kot emPefouridOnkav amd TOALOYPAEO, EVD 1 1Ol Slodikacio TPayLOTOTOU0NKE

yio. To Tpo@odotikd eumopiov Amrrad DF1730SBA Power Supply 0-30V, 0-5A.

5.1 Metpnoeig

5.1.1 Taon eédov
H amoxpion tdong DC tov 600 tpopodotik®dv ympic eoprtio, eival ot

EmOopnt) Tpogpodotiké Tpopodotikd EmOopnt) Tpopodotiké TpopodoTtikd
Ty} (V) V) gpmopiov (V) Ty (V) V) gumopiov (V)

0,1 1,1
0,2 1,2
0,3 1,3

0,4 1,4
0,5 1,5
0,6 1,6
0,7 1,7
0,8 1,8
0,9 19
1 2
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EmBopunty Tpogoodotiké | Tpopoodotikéd Embounty Tpopodotikd Tpogodotiko
i (V) (V) gumopiov (V) T (V) (V) gnmopiov (V)

2,1 2,03 2,16 7,1 6,99 7,10
2,2 2,13 2,25 7,2 7,09 7,23
2,3 2,22 2,31 7,3 7,19 7,32
2,4 2,32 2,41 7,4 7,29 7,41
2,5 2,42 2,53 7,5 7,39 7,51
2,6 2,52 2,61 7,6 7,48 7,61
2,7 2,62 2,71 1,7 7,58 7,70
2,8 2,72 2,81 7,8 7,68 7,84
2,9 2,82 2,94 7,9 7,78 7,92

3 2,93 3,03 8 7,89 7,99
3,1 3,03 3,13 8,1 7,99 8,14
3,2 3,13 3,22 8,2 8,09 8,21
3,3 3,22 3,31 8,3 8,19 8,28
3,4 3,33 3,48 8,4 8,29 8,42
3,5 3,42 3,56 8,5 8,39 8,52
3,6 3,52 3,67 8,6 8,49 8,64
3,7 3,61 3,72 8,7 8,59 8,74
3,8 3,71 3,81 8,8 8,69 8,82
3,9 3,81 3,95 8,9 8,79 8,93

4 3,91 4,02 9 8,89 9,03
41 4,01 4,14 91 8,99 9,08
4,2 411 4,24 9,2 9,09 9,22
4,3 421 4,32 9,3 9,19 9,34
4,4 4,31 441 9,4 9,29 9,39
4,5 4,41 4,50 9,5 9,39 9,48
4,6 4,51 4,66 9,6 9,49 9,58
4,7 4,61 4,76 9,7 9,59 9,69
4,8 471 4,87 9,8 9,69 9,86
4.9 4,81 4,94 9,9 9,79 9,91

5 491 5,05 10 9,89 9,99
51 5,01 5,14 10,1 9,99 10,13
5,2 5,11 5,22 10,2 10,09 10,22
5,3 5,21 5,34 10,3 10,19 10,28
54 5,31 5,44 10,4 10,29 10,38
55 5,41 5,53 10,5 10,39 10,51
5,6 5,51 5,66 10,6 10,49 10,66
5,7 5,61 5,74 10,7 10,59 10,73
5,8 5,71 5,83 10,8 10,69 10,83
59 5,81 5,93 10,9 10,78 10,91

6 5,91 6,04 11 10,88 10,98
6,1 6,01 6,15 111 10,98 11,11
6,2 6,11 6,21 11,2 11,08 11,19
6,3 6,21 6,31 11,3 11,18 11,28
6,4 6,30 6,43 11,4 11,28 11,38
6,5 6,40 6,49 11,5 11,38 11,51
6,6 6,50 6,60 11,6 11,47 11,61
6,7 6,60 6,70 11,7 11,57 11,68
6,8 6,70 6,82 11,8 11,67 11,76
6,9 6,80 6,92 11,9 11,77 11,87

7 6,89 7,02 12 11,87 12,03
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EmOopnt) Tpopodotiké Tpopodotikd EmOopnty | Tpopodotiké Tpopodotikd
Ty (V) (V) enmopiov (V) Ty (V) ) enmopiov (V)

12,1 11,96 12,08 16,1 15,92 16,06

12,2 12,06 12,15 16,2 16,02 16,15

12,3 12,16 12,29 16,3 16,12 16,30

12,4 12,26 12,35 16,4 16,22 16,40

12,5 12,36 12,49 16,5 16,32 16,47

12,6 12,46 12,56 16,6 16,42 16,56

12,7 12,56 12,65 16,7 16,51 16,70

12,8 12,66 12,75 16,8 16,61 16,81

12,9 12,76 12,85 16,9 16,71 16,83

13 12,86 12,96 17 16,81 16,91

13,1 12,96 13,05 17,1 16,91 17,05

13,2 13,06 13,14 17,2 17,01 17,20

13,3 13,16 13,30 17,3 17,11 17,27

13,4 13,26 13,35 17,4 17,21 17,34

13,5 13,36 13,46 17,5 17,31 17,48

13,6 13,46 13,58 17,6 17,41 17,53

13,7 13,56 13,66 17,7 17,51 17,66

13,8 13,66 13,76 17,8 17,60 17,71

13,9 13,76 13,88 17,9 17,70 17,86

14 13,86 13,96 18 17,80 17,96

14,1 13,95 14,05 18,1 17,90 18,05

14,2 14,05 14,20 18,2 18,00 18,13

14,3 14,15 14,29 18,3 18,10 18,29

14,4 14,25 14,35 18,4 18,20 18,40

14,5 14,35 14,44 18,5 18,39 18,45

14,6 14,45 14,59 18,6 18,49 18,51

14,7 14,54 14,68 18,7 18,59 18,64

14,8 14,64 14,80 18,8 18,69 18,72

14,9 14,74 14,87 18,9 18,79 18,80

15 14,84 15,01 19 18,89 18,94

15,1 14,94 15,10 19,1 18,99 19,01

15,2 15,03 15,15 19,2 19,08 19,17

15,3 15,13 15,26 19,3 19,18 19,26

15,4 15,23 15,36 19,4 19,28 19,35

15,5 15,33 15,43 19,5 19,38 19,42

15,6 15,43 15,59 19,6 19,48 19,53

15,7 15,53 15,70 19,7 19,59 19,65

15,8 15,62 15,79 19,8 19,68 19,72

15,9 15,72 15,83 19,9 19,78 19,85

16 15,82 15,93 19,88 19,96
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EmOopnt) Tpopodotiké Tpopodotikd EmOopnty | Tpopodotiké Tpopodotikd
Ty (V) (V) enmopiov (V) Ty (V) ) enmopiov (V)

20,1 19,98 19,99 24,1 23,80 24,00

20,2 20,00 20,10 24,2 23,90 24,10

20,3 20,10 20,20 24,3 24,00 24,20

20,4 20,20 20,30 24,4 24,10 24,30

20,5 20,30 20,40 24,5 24,20 24,40

20,6 20,40 20,50 24,6 24,30 24,50

20,7 20,50 20,60 24,7 24,40 24,60

20,8 20,60 20,70 24,8 24,50 24,70

20,9 20,60 20,80 24,9 24,60 24,80

21 20,80 20,90 25 24,70 24,90

21,1 20,80 21,00 25,1 24,80 25,00

21,2 20,90 21,10 25,2 24,90 25,10

21,3 21,00 21,20 25,3 25,00 25,20

21,4 21,20 21,30 25,4 25,10 25,30

21,5 21,20 21,40 25,5 25,20 25,40

AN 21,30 21,50 25,6 25,30 25,50

21,7 21,50 21,60 25,7 25,40 25,60

21,8 21,50 21,70 25,8 25,50 25,70

21,9 21,60 21,80 25,9 25,60 25,80

22 21,70 21,90 26 25,70 25,90

22,1 21,80 22,00 26,1 25,80 26,00

22,2 21,90 22,10 26,2 25,90 26,10

22,3 22,00 22,20 26,3 26,00 26,20

22,4 22,10 22,30 26,4 26,10 26,30

22,5 22,20 22,40 26,5 26,20 26,40

22,6 22,30 22,50 26,6 26,30 26,50

22,7 22,40 22,60 26,7 26,40 26,60

22,8 22,50 22,70 26,8 26,50 26,70

22,9 22,60 22,80 26,9 26,60 26,80

23 22,70 22,90 27 26,70 26,90

23,1 22,80 23,00 27,1 26,80 27,00

23,2 22,90 23,10 27,2 26,90 27,10

23,3 23,00 23,20 27,3 27,00 27,20

23,4 23,10 23,30 27,4 27,10 27,30

23,5 23,20 23,40 27,5 27,20 27,40

23,6 23,30 23,50 27,6 27,30 27,50

23,7 23,40 23,60 27,7 27,40 27,60

23,8 23,50 23,70 27,8 27,50 27,70

23,9 23,60 23,80 27,9 27,60 27,80

24 23,70 23,90 217,70 27,90
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EmOopnty Tpopodotikdé Tpopodotikd EmOopnty | Tpopodotiké Tpopodotikd
Ty (V) V) gpmopiov (V) Ty (V) V) gpmopiov (V)

28,1 29,1
28,2 29,2
28,3 29,3
28,4 29,4

28,5 29,5
28,6 29,6
28,7 29,7
28,8 29,8
28,9 29,9
29

Mivakag 2. Taom e£6d0v
Hapamnpodpe mwg Kovéva omd o 000 TPOPOJOTIKG dev amEdoe ava Tun v embount
Tiun. Extog and tovg cuvnbeig Adyovg cpoludtov (Bepuokpocio TepiBAALOVTOC, Un WOavVIKd
opyova PETPNONC, CPAAUATO YEPLGLOD TPOPOSOTIKADY Kol OPYAV®V atd TOV TOPUTNPNTH, U
akpifng amotiunon peTpioewv) mov ocvvéBolov oTlg amokiicelc avtég, Oo mpémel va
amodeyfovue g dev givar dvvatov va mapoyBovv ot embountéc DC tuég tdong axpifag,
AOY® TOV KUKAMDUOATOG TOV GTOOEPOTOMTH KOl TOL GUGTNUATOS OVUPOPAS TOV KUKAMLLOTOC.
SUYKEKPIUEVE Y10, TO TPOPOSOTIKO TOV KOTOUGKELAOTNKE, UEYOAO HEPOG TNG ATOKAIONG
OQEIAETOL OTIG CLGTOLYIEG U WOOVIKMOV TEAECTIKMOV OV YPNCILOTOONKOV Kol 68 aduvapio

TOV HIKPOETEEEPYATTH, 1] OVEAvGT) TOL omoiov eivar 12-bit Sniadn éxet (2'2=) 4096 otGOpeC.
5.1.1.1 Amoivro cpdiua tacns e£6d0v

Q¢ amdAvto cdiua opilovpe ™ dapopd petald e extBountig Taong €600V Ve Kat Tng
petpnOeicog TG Ve

AV = Ve — Vuerp

H péyrom tipun andivtov cQAAUATOG Y10 TO TPOPOSOTIKO TOV KOTOOKEVAGAUE EUPavileTon
v 11§ embountég téoeig 20,9V g 30V kan givar 0,30V. H pikpdtepn speavileton ya tig
emBountég tdoeic 0,1V émg 0,6V kar eivar 0,052V. O péoog 6pog tng Katavoung givon
0,1750V.

Avrtictoyya Yo T0 TPoPodoTIKO gumopiov, N péytotn tun givol 0,11V yu ™ téon 20,1V, n
pkpotepn tipn ivor 0 yur 18,4V. O pécsog 6pog twv anokiicewv givon 0,0543V.
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O koTavopég epeavifoviot TapakdTm:

0,35

0,30

0,25

0,20

0,15

0,10

B Tpodobotiko

H Tpodobotiko
eunoplou

oM N~ n ~

0,05 - H‘“ W }}}mluﬂ‘l‘“m“ml"l‘l””l‘“}‘l‘l‘“WH }‘ HHN‘ ‘}‘
0,00

100w ™ O

i
NN < N w0
Lo B B B B o |

Hmm\\ﬁmm_\
O « O ™~ 0

25,3

I
<
(oN]

18,1
22,9

O O I~ 0
— N N NN N

Yyqpe 19. Andéivto cpdipo tdong e£6d0v
5.1.1.2 ZXyetiko cpdiua tdons E600v
Q¢ oyeTkd c@AAp0 opilovpe TO TNAIKO TOL ATOAVTOV GOAAUATOG Le TNV ETBOUNTA TUN:

AV
Veme

o=

H péylotn tipn oyetikod cEALATOS Yo TO TPOPOSOTIKO TOV KOTACKEVAGAUE eRpovileTat yio
emBount taon 0,1V xou givon 0,52. H pikpdtepn gpeaviletar yuo tig embBountég tdoeig

18,9V émg 19,1V xau givar 0,0056. O uésog 6pog ¢ Kotavoung ivar 0,0185.

Avrtictoya v T0 Tpo@odoTIKd gumopiov, N péytotn T eivar 0,58 ywa ™ téon 0,1V, n

ppotepn tipn sivon 0 yu 15,7V. O pécsog 6pog twv anokiicewv givor 0,0087.

O1 KATAVOEG GYETIKOD GOAALATOS Y10, ToL JVO TPOPOJOTIKA, givar ot eENG:
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0,6000
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Zyqpa 20. Zyetikd opdApa taong e£6do0v
5.1.2 Pevua e&o6dov

[Mpaypotonowdvtag éheyyo oto current limitation tov Tpo@odotikdv, mTPoEkvyay ot

TOPOKATO CYETIKEG LETPNOELS:

EmOopnt) Tpopodotiké Tpopodotikd
i (A) (A) gumopiov (A)

EmOopnt) Tpopodotiké TpopodoTikd
i (A) (A) gumopiov (A)

0,05
0,1
0,15
0,2
0,25
0,3
0,35
0,4
0,45
0,5
0,55
0,6
0,65
0,7

0,75
0,8
0,85
0,9
0,95
1
1,05
1,1
1,15
1,2
1,25
1,3
1,35
1,4
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EmOopnt) Tpopodotiké Tpopodotikd EmOopnt) Tpopodotikdé TpopodoTikd
i (A) (A) gumopiov (A) i (A) (A) gumopiov (A)

1,45 1,41 1,45 3,25 3,16 3,25

15 1,46 1,49 3,3 3,21 3,3

1,55 151 1,55 3,35 3,26 3,35

1,6 1,56 1,59 3,4 3,32 34

1,65 1,61 1,64 3,45 3,36 3,45

1,7 1,66 1,67 3,5 3,41 3,49

1,75 1,71 1,74 3,55 3,42 3,55

1,8 1,75 1,79 3,6 3,5 3,6

1,85 1,8 1,85 3,65 3,55 3,64

1,9 1,85 1,9 3,7 3,61 3,68

1,95 19 1,95 3,75 3,66 3,75

2 1,95 2 3,8 3,7 38

2,05 2 2,04 3,85 3,75 3,85

2,1 2,05 2,09 3,9 3,8 3,9

2,15 2,1 2,15 3,95 3,85 3,95

2,2 2,14 2,19 4 3,89 3,99

2,25 2,19 2,25 4,05 3,94 4,05

2,3 2,24 2,3 4,1 3,99 4,1

2,35 2,29 2,35 4,15 4,04 4,15

2,4 2,34 2,39 4,2 4,09 4,2

2,45 2,39 2,45 4,25 4,14 4,25

2,5 2,44 2,49 4,3 4,18 4,29

2,55 2,48 2,55 4,35 4,23 4,35

2,6 2,53 2,59 4,4 4,28 4,39

2,65 2,58 2,63 4,45 4,33 4,43

2,7 2,63 2,7 4,5 4,38 4,5

2,75 2,68 2,75 4,55 4,43 4,55

2,8 2,73 2,79 4,6 4,48 4,57

2,85 2,78 2,85 4,65 4,53 4,64

2,9 2,82 2,89 4,7 4,56 4,7

2,95 2,87 2,95 4,75 4,62 4,75

3 2,92 3 4,8 4,67 4,8

3,05 2,98 3,03 4,85 4,72 4,84

3,1 3,02 3,09 4,9 4,77 4,89

3,15 3,07 3,14 4,95 4,82 4,95

3,2 3,11 3,2 5 4,87 5

Mivaxag 3. Pedpa e£660v
O1 amokAicels oo Tig emBuUNTES TIHEG, TEPQ amd TIG GLVIOELS OTiEG CPUANAT®OV, OPEIAOVTOL

GTOV TPOTO KOIIKOTOINOTG TV GNUATOV OVOPOPAS OV YPTCLUOTOLEL O UIKPOETEEEPYATTIG.
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' avtd 10 Aoyo eppavifovtonl Kot apKeTEG OMOKAGELS (LIKPOD HETPOV) AVAUESOH GTO PEVLLAL

€&0d0v ka1 1o avaypapdpevo oty LCD screen.
5.1.2.1 Amoivro cpdiua pebuarog e&6dov

Epyalopevor 6mwg oty mapdypapo 5.1.1.1, mpokhntovy o1 TopaKAT® KATOVOUEG ATOAVTOV
oQAaALpaTOG pevpdtov e£050v.

H péyiotn amdkiion tov KotaokevocHivtog tpopodotikod eivor 0,14A, evd 1 eldyiot
0,01A. O pécog 6poc tov anoxkiicewv givar 0,07A

Avtictoyya yio To Tpo@odoTikd gumopiov, N péyotn eivor 0,03A, 1 eldyiom 0 Ko 0 pécog

0poc 0,01A.

0,16

0,14

0,12

0,10

0,08 .
: B Tpododotikod

0,06

0,04

0,02

0,00

-0,02

B Tpodobotikd epnopiou

Yympo 21. AmdAvto o@aipo pedpotog eE660L
5.1.2.2 Zyetiko cpdipa pebpoatog eE600v

Oupota pe v mapdypapo 5.1.1.2, mopakdte avamapioTovtal Ol KOTOVOUEG TOV GYETIKMOV
oQoApdtov peopatog e£650v.

H péylot i yu 10 xotaokevactév tpo@odotikd sivar 0,2 ko 1 eddyiotn 0,02. O péoog
0pog ¢ katavoung etvan 0,0302.

IMa to Tpo@odotikd epmopiov, puéyiotn Ty givon 0,1, eAdytotn 0 kot péocog 6pog 0,0058.
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-0,0500

H Tpodobotikd epmopiou

Yynpa 22. Zyetikd opiipo pedpatog e£660v
5.1.3 Taon &éoov vro poptio

To ¢@optio mov cuvdébnke pe TO0 TPOPOJOTIKO YOL TNV TPAYHOTOTOINCYN TOV TOPAKATM
peTpioemv NTav o opkn avtiotaon 7,3Q. o ) Stac@EAon TG GLYKEKPILEVNG TIUNG, 1
avtiotaon tomobetnbnke oe doyeio kol Emerta KOAVPEONKE TANP®G He MTOVIIKO AGOL
pnyoving. Yo' autég Tig ouvinkeg, n avtiotaon petafAndnke porlg katd 0,2Q ot péyiom
Oeppokpacio mov éptoce (40°C). Ze nepintmon mov dev YvoTay 1 TOPATAVED TPOGHNHKN Kot N
avtiotaon Nye pevpo pe UGvo cLOTNUO YOENG TN KOTOOKEVOOTIKY YNKTPO, OTN UEYIOT
dvvatn Tpopodocia g amd T cvokevun pog (30V, 4.11A) Ba eixe petafoirn mepiocdTEPO
and 4Q kot ot Oeppokpacieg Aertovpyiag Oo frav wave amd 450°C. Ag onuewbel nwg ot
TEPOLOTIKEG UETPNOES OV TPAYLOTOTOWONKAV Y@pig AGdt Unyovng, HETA amd KAmolo
devtepOrenta Aettovpyiog g avtiotoong ota 30V, dpylcav vo AdVouV ot KOAANGELS TNG

artd KoAdL.
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Ddortoypagia 16. Métpnon goptiov otov aépa (6,8V)

dotoypagio 17. Métpnon poptiov 610 Addt (6,8V)
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Ov petprioelg mov ANeOnNKov yoo TG O1Gpopeg TEG emBuuntg TACES Yt To dVO

TPOPOSOTIKAL:

EmBovpnt tdon (V) Tpo@odotiko (V) Tpo@odotiko gpmopiov (V)
1 0,83 0,92
2 1,8 1,88
3 2,78 2,52
4 3,74 3,37
5 4,71 4,32
6 5,67 5,33
7 6,62 6,27
8 7,58 7,32
9 8,56 8,21

9,54 9,25
10,5 10,2
11,47 11,15
12,45 12,09
13,43 13,12
14,39 14,05
15,36 15,05
16,33 16,07
17,31 16,96
18,28 17,84
19,25 18,79
20,1 19,7
21,1 20,6
22 21,7
23 22,7
24 23,7
25 24,6
25,9 25,6
26,9 26,7
27,5 27,6
27,8

Mivaxag 4. Tdon e£6d0v vId PopTtio

5.1.4 Ripple

Ripple 1 tdon kopdreong (V) eivar n evaAlacodpevn cuvictdca g téong e£650v, 1 oroia
ovowd eivar oavemBOunt. o va ™ petpioovpe, pvOuilovpe tTo Opyovad  pHog
(LaPoirtopeTpo kot maApoypdeog) otny emhoyn AC dote va aropoveobei 1 DC cuviethoo

g €£000v. Ta amoTEAEGHOTO TTOV TPOLE NTOV TO, TOPOKATO:
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Ripple Tpo@odoTtikov

Emoyn e€660v (V) Ripple Tpopodotiko? (V) epmopion (V)
1 0,015 0,001
2 0,016 0,002
3 0,015 0,002
4 0,014 0,003
5 0,014 0,001
6 0,014 0
7 0,015 0,001
8 0,015 0,001
9 0,015 0
10 0,013 0
11 0,015 0,001
12 0,015 0,002
13 0,015 0,001
14 0,015 0,001
15 0,015 0,002
16 0,015 0,002
17 0,015 0,001
18 0,016 0
19 0,015 0
20 0,016 0,001
21 0,013 0
22 0,01 0
23 0,007 0
24 0,005 0
25 0,005 0
26 0,008 0
27 0,009 0
28 0,009 0,001
29 0,009 0,004
30 0,009

IMivexag 5. Ripple voltage

5.1.5 Taon eéodov 6e ovuucTpixny ierrtovpyia

O1 tdoelg e£000V Yo TN GLUUUETPIKT Attovpyia iva:
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ApvTikn

EmOopnt) taon(V) GST“,“,] CUHHETPIK ovpupeTpikn ££000g Méon tdon (V)
£€0o0g (V) V)

0,5 0,38 -0,55 -0,17
1 0,89 -1,03 -0,14
1,5 1,38 -1,53 -0,15
2 1,61 -2,00 -0,39
2,5 2,08 -2,48 -0,40
3 2,53 -2,83 -0,30
3,5 3,00 -3,30 -0,30
4 3,48 -3,78 -0,30
4,5 3,97 -4,21 -0,24
5 4,45 -4,71 -0,26
55 4,94 -5,22 -0,28
6 5,42 -5,72 -0,30
6,5 5,91 -6,22 -0,31
7 6,40 -6,72 -0,32
7,5 6,88 -7,22 -0,34
8 7,37 -7,72 -0,35
8,5 7,86 -8,22 -0,36
9 8,35 -8,72 -0,37
9,5 8,85 -9,22 -0,37
10 9,34 -9,71 -0,37
9,83 -10,21 -0,38

11 10,33 -10,70 -0,37
10,82 -11,20 -0,38

12 11,32 -11,70 -0,38
11,84 -12,19 -0,35

13 12,38 -12,69 -0,31
12,98 -13,18 -0,20

14 13,52 -13,68 -0,16
14,18 -14,17 0,01

15 14,74 -14,66 0,08

Mivaxag 6. Tdoeic £660V GLUUETPIKNG AgtToVPYiag
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Yympa 23. Taoeig e£0000 GLUUETPIKNG AetTovpyiog

0,20

0,10

0,00

-0,10
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-0,20

-0,30

-0,40

-0,50

Zympa 24. Méon tdon €£600V KaTA TN GUUUETPIKT AELTOVpYio
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5.2 XvyKkpion ue tpoPoootiko sumopiov

Me Bdon 11g mopandve petproels, Bo mpaypatomomBel cOYKpIoN TG CLUTEPLPOPAS TOV
KOTOOKELAGOEVTOC TPOPOSOTIKOD LE TO TAPOUOL0 EUTOPIOV, GE dAPOPOVS OeikTeg TOL ivan

eVOEIKTIKOL TNG Agttovpyiag EVOS TPOPOOOTLKOV.

5.2.1 Taon ka1 pevua e&6d0v

16

14

12

10
B ErBupuntn taon

H Tpodobotiko

1 TpodoboTikd eumopiou

Xympa 25. Taoeig e€6dov 0-15V

35

B EmBupuntn taon
B Tpodobotiko

1 Tpodobotkd epmopiov

Yype 26. Taoeig e£6o0v 16-30V
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W Tpododotikd eumopiou
H Tpodobotikd

H EmBupntd pedpa

Yyqpoe 27. Peopa e€6d0v 0-5A

5.2.2 Taon e&o6dov vmo poptio

16
14
12
10
B ErBuuntn tun
8
H TpodoboTIko

M Tpodobotiko eumopiou

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Yympa 28. Taon e£660v vtd poptio 0-15V
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35

B Emuuntn tun
H Tpodobotiko

M Tpodobotikd epmopiou

Tyfqpa 29. Taon e£660v vad poptio 16-30V
5.2.3 Ripple factor

Xe ovvéxeln g mopaypdeov 5.1.4, évog amd TOLG WO YUPOKTNPICTIKOVS OEIKTEC KOANG
Aertovpyiog eivon o ripple factor 1 cvviedeotig xvpdtwong. Opiletar og 10 mAiko g
TAOoNGS KLUATOONG TPOC TNV TAGT €£000V:

/A

-100%

% =
DC,out

1,80

1,60

1,40

1,20

1,00 ,
B Tpodobotiko

0,80
0,60
0,40 l
0,20 Ly,

0,00 HMLMMU#H—H—H—H—H—H—%

1234567 89101112131415161718192021222324252627282930

B Tpododotikd epmopiou

Yymupe 30. Ripple factor % yw 0-30V
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5.2.4 Load regulation

Load regulation 9| cvvtedeotic pOBuiong optiov deiyvel 10 T0606TO UETOPOANG THG TAOTS
€E660L avoloyikd pe TN petafoirn Tov eoptio Tov cuvdEovpe. O VITOAOYIGHOG TOV YIVETOL MG
edng:

_ Vbewotoaa = Ve Fuil oad

RL = . 100%
Vbe, Fuil 1oad

18,00

16,00

14,00

12,00

10,00
B Tpodobotikd

8,00 B Tpododotikod eunopiou

6,00

4,00

2,00

—

1234567 8 9101112131415161718192021222324252627282930

0,00

Yyqpa 31. Load regulation % yiw 0-30V

5.3 Qvunepdouara

Ye obykplon OAMV TOV TOPOTAVE YOPOKTNPIOTIKOV TOPAYOVTIOV Agttovpyiag &vog
TPOPOSOTIKOV, TAPOTIPOVLE TS TO TPOPOSOTIKO TOV KATUGKELAGTNKE &ivol TOAD 0E10MIOTO
Kol TOAD KOVTA G€ TPodlaypapég Agttovpyiog e Eva Tpo@odotTikd gumopiov. [ToAAG amd ta
TOPOTAV®, OTTMG €vag PKpOg BOpufog otnv €000, NTav avapevoueva, Aopufavovtag v’ oym
T TpoovapepBEvTa. O PKPEG OMOKAIGELS TTOV ElYOV Ol LETPNGELG UTOPOoVV va BempnBolv Tig
TEPLocOTEPEG POPEG apeANTéES. Eviumwoiokd mopoapével 10 yeyovog OTL TO TPOPOJOTIKO
gumopiov glye Y€POTEPT CLUTEPIPOPA OTAV GLVIENTAV HE POPTIO AT’ OTL TO TPOPOSOTIKO TOV

KOTOUGKEVAGOLLE.
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5.4 Teyviéc mpooraypapés

Hoapdapetpog Tpo@odoTikd

Taon 0-30V
AélO)»Oj{ﬂGSlg £€600v (cuvOTKES Peopa 0-5A
dopatiov)
[Ipooctacia youning tdong 0-31v
N o Tdon 3,20%
YovteleoTi|g pOOILG optiov
1S poYuLoNg op Pevp 0.30%
Kvpdroon ‘ Téon 0,013 Vrms
Avdivon avayvoon Peopa 10mA
N 0 Tdion 100mV
Avdivon pvOmo
Rl Peopa 10mA
Parameter PSU
Voltage 0-30V
Output Ratings Current 0-5A
Low voltage protection 0-31V
] Voltage 3,20%
Load Regulation
Current 0,30%
Ripple Voltage 0,013 Vrms
Readback Resolution Current 10mA
) ) Voltage 100mVv
Programming Resolution
Current 10mA

Mivaxag 7. Teyvikég mpodiarypopEs
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Eniloyog

6.1 Xvvown Kot uellovrikéS EmMEKTACEIS

Ol UETPNOES TOL TPAYLOTOTOWONKAV KoL 1) GUYKPION UE TO TPOPOJOTIKO gumopiov
GLUVNYOPOLUV GTO OTL 1) KOTACKELT] HOG EIVOL EMLTUYNLEVT, LE TO EVIVIIMGLOKY] TN GUYKPIoN
gmbountodv tdoswv €680V VIO Poprtio, dmov To Amrrad giye mOAD KaTOTEPES EMBOGELS OO
TO KATOOKELOGOLY, EVD OLEG O1 VTOAOITEC LETPNOELC £DEIEAV TOE M TOLOTNTO TG KOTOOKEVNG
nrav witépwg vynin. H onuavtikotepn BeAtioon mov PUmopovpe Vo TpoyUaTOTOGOVUE
GTO TPOPOSOTIKO HOG EIVOL M GVTIKATAGTOOT] TOV OVTIIGTACEDY TV TEAEVTOIOV OLOIPETOV
Thong kot g avtiotaong petod e£66ov LTC-yeiwong, ue tpippep yio eEdreryn tov offset
ov evromioape otV €£060. Katdlinin pvbuion toug Oo pmopovce vo PeAtidost v
axpifela, €dv avtd NTav emBLUNTO. APKETEC PEATIDGEIC EMOEYXETUL KOL O TPOYPOUUUATIOUOS
TOV WIKPOETEEEPYAOTT YIOL TNV EMLTVYI0. AKPPESTEPOV LETPNGEDY GTO PeLLO €EOSOV. e KAOE

TEPIMTOGT, TO TPOSOTIKO TAPOUUEVEL TANPOG AELTOVPYIKO KOl aEIOTIGTO.
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ANALOG
DEVICES

+2.9 V10 +3.2V, 230 A, Dual Rail-to-Rail
Voltage Output 8-/10-/12-Bit DACs

AD5303/AD3313/ADa323*

FEATURES

AD5303: Two Buffered 8-Bit DACs in One Package

AD5313: Two Buffered 10-Bit DACs in One Package

ADb5323: Two Buffered 12-Bit DACs in One Package

16-Lead TSSOP Package

Micropower Operation: 300 pA @ 5 V (Including
Reference Current)

Power-Down to 200nA@5V,50nA@ 3V

+2.5 V to +5.5 V Power Supply

Double-Buffered Input Logic

Guaranteed Monotonic By Design Over All Codes

Buffered/Unbuffered Reference Input Options

Output Range: 0-Vggr or 0-2 Viggr

Power-On-Reset to Zero Volts

SDO Daisy-Chaining Option

Simultaneous Update of DAC Outputs via LDAC Pin

Asynchronous CLR Facility

Low Power Serial Interface with Schmitt-Triggered
Inputs

On-Chip Rail-to-Rail Output Buffer Amplifiers

APPLICATIONS

Portable Battery Powered Instruments
Digital Gain and Offset Adjustment
Programmable Voltage and Current Sources
Programmable Attenuators

GENERAL DESCRIPTION

The AD5303/AD5313/AD5323 are dual 8-, 10- and 12-bit
buffered voltage output DACs in a 16-lead TSSOP package that
operate from a single +2.5 V to +5.5 V supply consuming 230 pyA
at 3 V. Their on-chip output amplifiers allow the outputs to
swing rail-to-rail with a slew rate of 0.7 V/us. The AD5303/
AD5313/AD5323 utilize a versatile 3-wire serial interface that
operates at clock rates up to 30 MHz and is compatible with
standard SPI™, QSPI, MICROWIRE™ and DSP interface
standards.

The references for the two DACs are derived from two reference
pins (one per DAC). These reference inputs may be configured
as buffered or unbuffered inputs. The parts incorporate a power-
on-reset circuit that ensures that the DAC outputs power-up to
0 V and remain there until a valid write to the device takes place.
There is also an asynchronous active low CLR pin that clears
both DACs to 0 V. The outputs of both DACs may be updated
simultaneously using the asynchronous LDAC input. The
parts contain a power-down feature that reduces the current
consumption of the devices to 200 nA at 5V (50 nA at 3 V) and
provides software-selectable output loads while in power-down
mode. The parts may also be used in daisy-chaining applications
using the SDO pin.

The low power consumption of these parts in normal operation
make them ideally suited to portable battery operated equip-
ment. The power consumption is 1.5 mW at 5V, 0.7 mW at
3V, reducing to 1 pW in power-down mode.

FUNCTIONAL BLOCK DIAGRAM
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1
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REGISTER| | |REGISTER[ _{ DAC
D
00 Q) GAIN-SELECT RESISTOR
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*Protected by U.S. Patent No. 5684481; other patents pending.
SPI is a trademark of Motorola, Inc.
MICROWIRE is a trademark of National Semiconductor Corporation.
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AD3303/AD3313/AD3323—-SPECIFICATIONS

(Vpp = +2.5 V1o +5.5 V; Vper = +2 V; R, = 2 k€D to GND; C, = 200 pF to GND; all specifications Tyy to Tyay unless otherwise noted.)

B Version?
Parameter’ Min Typ Max Units Conditions/Comments
DC PERFORMANCE?*
AD5303
Resolution 8 Bits
Relative Accuracy +0.15 +1 LSB
Differential Nonlinearity +0.02 +0.25 LSB Guaranteed Monotonic by Design Over All Codes
AD5313
Resolution 10 Bits
Relative Accuracy +0.5 +3 LSB
Differential Nonlinearity +0.05 +0.5 LSB Guaranteed Monotonic by Design Over All Codes
AD5323
Resolution 12 Bits
Relative Accuracy +2 +12 LSB
Differential Nonlinearity +0.2 +1 LSB Guaranteed Monotonic by Design Over All Codes
Offset Error +0.4 +3 % of FSR See Figures 3 and 4
Gain Error +0.15 +1 % of FSR See Figures 3 and 4
Lower Deadband 10 60 mV See Figures 3 and 4
Offset Error Drift’ -12 ppm of FSR/°C
Gain Error Drift® -5 ppm of FSR/°C
Power Supply Rejection Ratio’ -60 dB AVpp = +10%
DC Crosstalk’® 30 uv
DAC REFERENCE INPUTS’
Vger Input Range 1 Vpp \% Buffered Reference Mode
0 Vpp v Unbuffered Reference Mode
Vger Input Impedance >10 MQ Buffered Reference Mode
180 kQ Unbuffered Reference Mode. 0—Vggr Output Range,
Input Impedance = Rpyc
90 kQ Unbuffered Reference Mode. 0-2 Vggr Output Range,
Input Impedance = Rpyc
Reference Feedthrough -90 dB Frequency = 10 kHz
Channel-to-Channel Isolation -80 dB Frequency = 10 kHz
OUTPUT CHARACTERISTICS’
Minimum Output Voltage® 0.001 V min This is a measure of the minimum and maximum
Maximum Output Voltage® Vpp —0.001 V max drive capability of the output amplifier.
DC Output Impedance 0.5 Q
Short Circuit Current 50 mA Vpp=+5V
20 mA Vpp = +3 V
Power-Up Time 2.5 us Coming Out of Power-Down Mode. Vpp = +5 V
5 s Coming Out of Power-Down Mode. Vpp = +3 V
LOGIC INPUTS®
Input Current +1 A
Vi, Input Low Voltage 0.8 \% Vpp=+5V £ 10%
0.6 \% Vpp = +3 V£ 10%
0.5 v Vpp = +2.5V
Vm, Input High Voltage 2.4 A% Vpp=+5V £ 10%
2.1 v Vpp =+3V =+ 10%
2.0 \% Vpp = +2.5V
Pin Capacitance 2 3.5 pF
LOGIC OUTPUT (SDO)’
Vpp=+5V+ 10%
Output Low Voltage 0.4 \% Isivk = 2 mA
Output High Voltage 4.0 \% Isource = 2 mA
Vpp = +3 V£ 10%
Output Low Voltage 0.4 A% Iswg = 2 mA
Output High Voltage 2.4 \% Isource = 2 mA
Floating-State Leakage Current 1 A DCEN = GND
Floating State O/P Capacitance 3 pF DCEN = GND
POWER REQUIREMENTS
Vop 2.5 5.5 A% Ipp Specification Is Valid for All DAC Codes
Ipp (Normal Mode) Both DACs Active and Excluding Load Currents
Vpp = +4.5V to +5.5V 300 450 UA Both DACs in Unbuffered Mode. Vi = Vpp and
Vpp =+2.5V to +3.6 V 230 350 pA Vi, = GND. In Buffered Mode, extra current is
typically x YA per DAC where x = 5 PA + Vygp/Rpac.
Ipp (Full Power-Down)
Vpp = +4.5Vto +55V 0.2 1 UA
Vpp = +2.5 Vto +3.6 V 0.05 1 pA
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AD5303/AD3313/AD5323

NOTES

!See Terminology.

2Temperature range: B Version: -40°C to +105°C.

>DC specifications tested with the outputs unloaded.

Linearity is tested using a reduced code range: AD5303 (Code 8 to 248); AD5313 (Code 28 to 995); AD5323 (Code 115 to 3981).

>Guaranteed by design and characterization, not production tested.

°In order for the amplifier output to reach its minimum voltage, Offset Error must be negative. In order for the amplifier output to reach its maximum voltage, V ggr =
Vpp and “Offset plus Gain” Error must be positive.

Specifications subject to change without notice.

(Vpp = +2.5Vto +5.5 V; R, = 2 kQ to GND; C, = 200 pF to GND; all specifications Ty to Tyax unless

AC CHARACTERISTICSI otherwise noted.)

B Version®
Parameter? Min Typ Max Units Conditions/Comments
Output Voltage Settling Time Vegr =Vpp=+5V
AD5303 6 8 us 1/4 Scale to 3/4 Scale Change (40 Hex to CO Hex)
AD5313 7 9 us 1/4 Scale to 3/4 Scale Change (100 Hex to 300 Hex)
AD5323 8 10 us 1/4 Scale to 3/4 Scale Change (400 Hex to C00 Hex)
Slew Rate 0.7 V/us
Major-Code Transition Glitch Energy 12 nV-s 1 LSB Change Around Major Carry
(011...11 to 100...00)
Digital Feedthrough 0.10 nV-s
Analog Crosstalk 0.01 nV-s
DAC-to-DAC Crosstalk 0.01 nV-s
Multiplying Bandwidth 200 kHz Vger = 2 V£ 0.1V p-p. Unbuffered Mode
Total Harmonic Distortion -70 dB Vger = 2.5 V1 0.1V p-p. Frequency = 10 kHz

NOTES

!Guaranteed by design and characterization, not production tested.
2See Terminology.

3Temperature range: B Version: —-40°C to +105°C.

Specifications subject to change without notice.

T"V"NG c HARACTER'ST' csl’ 2,3 (Vop = +2.5 Vto +5.5 V; all specifications Ty to Ty unless otherwise noted.)

Limit at TMIN, TMAX
Parameter (B Version) Units Conditions/Comments
t 33 ns min SCLK Cycle Time
t 13 ns min SCLK High Time
t3 13 ns min SCLK Low Time
ty 0 ns min SYNC to SCLK Rising Edge Setup Time
ts 5 ns min Data Setup Time
ts 4.5 ns min Data Hold Time
t7 0 ns min SCLK Falling Edge to SYNC Rising Edge
tg 100 ns min Minimum SYNC High Time
ty 20 ns min LDAC Pulsewidth
t1o 20 ns min SCLK Falling Edge to LDAC Rising Edge
t11 20 ns min CLR Pulsewidth
t*° 5 ns min SCLK Falling Edge to SDO Invalid
t5h° 20 ns max SCLK Falling Edge to SDO Valid
14 0 ns min SCLK Falling Edge to SYNC Rising Edge
tis° 10 ns min SYNC Rising Edge to SCLK Rising Edge
NOTES

!Guaranteed by design and characterization, not production tested.

2All input signals are specified with tr = tf = 5 ns (10% to 90% of Vpp) and timed from a voltage level of (Vi + Vig)/2.
3See Figures 1 and 2.

“These are measured with the load circuit of Figure 1.

>Daisy-Chain Mode only (see Figure 45).

Specifications subject to change without notice.
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+1.6V

Figure 1. Load Circuit for Digital Output (SDO) Timing Specifications
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*SEE PAGE 12 FOR DESCRIPTION OF INPUT REGISTER

Figure 2. Serial Interface Timing Diagram
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AD3303/AD3313/AD5323

ABSOLUTE MAXIMUM RATINGS?? PIN CONFIGURATION
(T4 = +25°C unless otherwise noted)
VpptoGND ......... ... ... . ... ..... -0.3Vto+7V [ ]
Digital Input Voltage to GND ....... —-0.3VtoVpp+0.3V cR[i]e 6] spo
Digital Output Voltage to GND .. ... ~0.3Vto Vpp + 0.3V AC[2]  eany NP
Reference Input Voltage to GND .... -03VtoVpp+0.3V Voo [3] apsa1z [@]ON
VOUTAa VOUTB toGND ........... -0.3Vto VDD +03V VRerB E AD5323 EI SCLK
Operating Temperature Range VeerA [5] (N-I;?fovsliz\{e) [12] SYNC
Industrial (B Version) ............... —40°C to +105°C VourA [] [11] VourB
Storage Temperature Range ............ -65°C to +150°C BUF A [7] [10] PO
Junction Temperature (Ty Max) ................. +150°C BUF B [5] [5] ocen
16-Lead TSSOP Package
Power Dissipation .................. (Ty Max — T,)/6ja
0ja Thermal Impedance .................... 160°C/W
Lead Temperature, Soldering
Vapor Phase (60sec) ................c..... +215°C
Infrared (15sec) ..., +220°C
NOTES

!Stresses above those listed under Absolute Maximum Ratings may cause perma-
nent damage to the device. This is a stress rating only; functional operation of the
device at these or any other conditions above those listed in the operational
sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

*Transient currents of up to 100 mA will not cause SCR latch-up.

ORDERING GUIDE
Model Temperature Range Package Description Package Option
AD5303BRU —40°C to +105°C Thin Shrink Small Outline Package (TSSOP) RU-16
AD5313BRU —40°C to +105°C Thin Shrink Small Outline Package (TSSOP) RU-16
AD5323BRU —-40°C to +105°C Thin Shrink Small Outline Package (TSSOP) RU-16
CAUTION
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily I
accumulate on the human body and test equipment and can discharge without detection. WARNING - @
Although the AD5303/AD5313/AD5323 features proprietary ESD protection circuitry, perma-
nent damage may occur on devices subjected to high energy electrostatic discharges. Therefore, £SD SENSITIVE DEVICE

proper ESD precautions are recommended to avoid performance degradation or loss of functionality.

REV. 0 -5-



AD5303/AD3313/AD5323

PIN FUNCTION DESCRIPTIONS

Pin No. Mnemonic Function

1 CLR Active low control input that loads all zeroes to both input and DAC registers.

2 LDAC Active low control input that transfers the contents of the input registers to their respective DAC
registers. Pulsing this pin low allows either or both DAC registers to be updated if the input regis-
ters have new data. This allows simultaneous update of both DAC outputs

3 Vpp Power Supply Input. These parts can be operated from +2.5 V to +5.5 V and the supply should be
decoupled to GND.

4 VzerB Reference Input Pin for DAC B. This is the reference for DAC B. It may be configured as a buff-
ered or an unbuffered input, depending on the state of the BUF B pin. It has an input range from
0 V to Vpp in unbuffered mode and from 1 V to Vpp in buffered mode.

5 VrerA Reference Input Pin for DAC A. This is the reference for DAC A. It may be configured as a
buffered or an unbuffered input depending on the state of the BUF A pin. It has an input range
from 0 to Vpp in unbuffered mode and from 1 V to Vpp in buffered mode.

6 VouTA Buffered Analog Output Voltage from DAC A. The output amplifier has rail-to-rail operation.

7 BUF A Control pin that controls whether the reference input for DAC A is unbuffered or buffered. If this
pin is tied low, the reference input is unbuffered. If it is tied high, the reference input is buffered.

8 BUF B Control pin that controls whether the reference input for DAC B is unbuffered or buffered. If this
pin is tied low, the reference input is unbuffered. If it is tied high, the reference input is buffered.

9 DCEN This pin is used to enable the daisy-chaining option. This should be tied high if the part is being
used in a daisy-chain. The pin should be tied low if it is being used in stand-alone mode.

10 PD Active low control input that acts as a hardware power-down option. This pin overrides any soft-
ware power-down option. Both DACs go into power-down mode when this pin is tied low. The
DAC outputs go into a high impedance state and the current consumption of the part drops to
200nA @5V (50nA@3V).

11 VoutB Buffered Analog Output Voltage from DAC B. The output amplifier has rail-to-rail operation.

12 SYNC Active Low Control Input. This is the frame synchronization signal for the input data. When
SYNC goes low, it powers-on the SCLK and DIN buffers and enables the input shift register. Data
is transferred in on the falling edges of the following 16 clocks. If SYNC is taken high before the
16th falling edge, the rising edge of SYNC acts as an interrupt and the write sequence is
ignored by the device.

13 SCLK Serial Clock Input. Data is clocked into the input shift register on the falling edge of the serial clock
input. Data can be transferred at rates up to 30 MHz. The SCLK input buffer is powered-down
after each write cycle.

14 DIN Serial Data Input. This device has a 16-bit shift register. Data is clocked into the register on the
falling edge of the serial clock input. The DIN input buffer is powered-down after each write cycle.

15 GND Ground reference point for all circuitry on the part.

16 SDO Serial Data Output that can be used for daisy-chaining a number of these devices together or for
reading back the data in the shift register for diagnostic purposes. The serial data output is valid on
the falling edge of the clock.

TERMINOLOGY OFFSET ERROR

RELATIVE ACCURACY This is a measure of the offset error of the DAC and the output

For the DAC, relative accuracy or integral nonlinearity (INL) is
a measure of the maximum deviation, in LSBs, from a straight
line passing through the actual endpoints of the DAC transfer
function. A typical INL vs. code plot can be seen in Figure 5.

DIFFERENTIAL NONLINEARITY

Differential nonlinearity (DNL) is the difference between the
measured change and the ideal 1 LSB change between any two
adjacent codes. A specified DNL of +1 LSB maximum ensures
monotonicity. This DAC is guaranteed monotonic by design. A
typical DNL vs. code plot can be seen in Figure 8.

amplifier. It is expressed as a percentage of the full-scale range.

GAIN ERROR

This is a measure of the span error of the DAC. It is the devia-
tion in slope of the actual DAC transfer characteristic from the
ideal expressed as a percentage of the full-scale range.

OFFSET ERROR DRIFT
This is a measure of the change in offset error with changes in
temperature. It is expressed in (ppm of full-scale range)/°C.

GAIN ERROR DRIFT
This is a measure of the change in gain error with changes in
temperature. It is expressed in (ppm of full-scale range)/°C.

REV. 0



AD3303/AD3313/AD5323

MAJOR-CODE TRANSITION GLITCH ENERGY
Major-code transition glitch energy is the energy of the impulse
injected into the analog output when the code in the DAC regis-
ter changes state. It is normally specified as the area of the glitch
in nV-secs and is measured when the digital code is changed by
1 LSB at the major carry transition (011...11 to 100...00 or
100...00to 011...11).

DIGITAL FEEDTHROUGH

Digital feedthrough is a measure of the impulse injected into the
analog output of the DAC from the digital input pins of the
device, but is measured when the DAC is not being written to
(SYNC held high). It is specified in nV secs and is measured
with a full-scale change on the digital input pins, i.e., from all Os
to all 1s and vice versa.

ANALOG CROSSTALK

This is the glitch impulse transferred to the output of one DAC
due to a change in the output of the other DAC. It is measured
by loading one of the input registers with a full-scale code
change (all Os to all 1s and vice versa) while keeping LDAC
high. Then pulse LDAC low and monitor the output of the
DAC whose digital code was not changed. The area of the glitch
is expressed in nV-secs.

DAC-TO-DAC CROSSTALK

This is the glitch impulse transferred to the output of one DAC
due to a digital code change and subsequent output change of
the other DAC. This includes both digital and analog crosstalk.
It is measured by loading one of the DACs with a full-scale code
change (all Os to all 1s and vice versa) while keeping LDAC low
and monitoring the output of the other DAC. The area of the
glitch is expressed in nV-secs.

DC CROSSTALK

This is the dc change in the output level of one DAC in re-
sponse to a change in the output of the other DAC. It is mea-
sured with a full-scale output change on one DAC while
monitoring the other DAC. It is expressed in uV.

POWER SUPPLY REJECTION RATIO (PSRR)

This indicates how the output of the DAC is affected by
changes in the supply voltage. PSRR is the ratio of the change in
Vour to a change in Vpp for full-scale output of the DAC. It is
measured in dBs. Vygr is held at +2 V and Vpp is varied £10%.

REFERENCE FEEDTHROUGH

This is the ratio of the amplitude of the signal at the DAC out-
put to the reference input when the DAC output is not being
updated (i.e., LDAC is high). It is expressed in dBs.

TOTAL HARMONIC DISTORTION

This is the difference between an ideal sine wave and its attenu-
ated version using the DAC. The sine wave is used as the refer-
ence for the DAC and the THD is a measure of the harmonics
present on the DAC output. It is measured in dBs.

REV. 0

MULTIPLYING BANDWIDTH

The amplifiers within the DAC have a finite bandwidth. The
multiplying bandwidth is a measure of this. A sine wave on the
reference (with full-scale code loaded to the DAC) appears on
the output. The multiplying bandwidth is the frequency at
which the output amplitude falls to 3 dB below the input.

CHANNEL-TO-CHANNEL ISOLATION

This is a ratio of the amplitude of the signal at the output of one
DAC to a sine wave on the reference input of the other DAC. It
is measured in dBs.
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Figure 3. Transfer Function with Negative Offset
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Figure 4. Transfer Function with Positive Offset
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AD5303/AD5313/AD5323—Typical Performance Characteristics
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Figure 5. AD5303 Typical INL Plot
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Figure 6. AD5313 Typical INL Plot
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Figure 7. AD5323 Typical INL Plot
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FUNCTIONAL DESCRIPTION

The AD5303/AD5313/AD5323 are dual resistor-string DACs
fabricated on a CMOS process with resolutions of 8, 10 and 12
bits respectively. They contain reference buffers, output buffer
amplifiers and are written to via a 3-wire serial interface. They
operate from single supplies of +2.5 V to +5.5 V and the output
buffer amplifiers provide rail-to-rail output swing with a slew
rate of 0.7 V/us. Each DAC is provided with a separate refer-
ence input, which may be buffered to draw virtually no current
from the reference source, or unbuffered to give a reference
input range from GND to Vpp. The devices have three pro-
grammable power-down modes, in which one or both DACs
may be turned off completely with a high-impedance output, or
the output may be pulled low by an on-chip resistor.

Digital-to-Analog Section

The architecture of one DAC channel consists of a reference
buffer and a resistor-string DAC followed by an output buffer
amplifier. The voltage at the Vgrgr pin provides the reference
voltage for the DAC. Figure 27 shows a block diagram of the
DAC architecture. Since the input coding to the DAC is straight
binary, the ideal output voltage is given by:

Vrer XD
Vour = %

2
where

D = decimal equivalent of the binary code, which is loaded to
the DAC register;

0-255 for AD5303 (8 Bits)
0-1023 for AD5313 (10 Bits)
0-4095 for AD5323 (12 Bits)

N = DAC resolution

VRerA
REFERENCE
BUFFER <+— BUFA
INPUT N DAC [NRESISTOR VourA
REGISTER| {REGISTER| | STRING
OUTPUT BUFFER
AMPLIFIER

Figure 27. Single DAC Channel Architecture

Resistor String

The resistor string section is shown in Figure 28. It is simply a
string of resistors, each of value R. The digital code loaded to
the DAC register determines at what node on the string the
voltage is tapped off to be fed into the output amplifier. The
voltage is tapped off by closing one of the switches connecting
the string to the amplifier. Because it is a string of resistors, it is
guaranteed monotonic.

REV. 0

R
R
R TO OUTPUT
AMPLIFIER
' '
1 1
1 1
' '
1 1
R
R

Figure 28. Resistor String

DAC Reference Inputs

There is a reference input pin for each of the two DACs. The
reference inputs are buffered but can also be configured as un-
buffered. The advantage with the buffered input is the high
impedance it presents to the voltage source driving it. However,
if the unbuffered mode is used, the user can have a reference
voltage as low as GND and as high as Vpp since there is no restric-
tion due to headroom and footroom of the reference amplifier.

If there is a buffered reference in the circuit (e.g., REF192), there
is no need to use the on-chip buffers of the AD5303/AD5313/
AD5323. In unbuffered mode the input impedance is still large
at typically 180 kQ per reference input for 0—Vgzgr mode and

90 kQ for 0-2 Vrgr mode.

The buffered/unbuffered option is controlled by the BUF A and
BUF B pins. If the BUF pin is tied high, the reference input is
buffered, if tied low, it is unbuffered.

Output Amplifier

The output buffer amplifier is capable of generating output
voltages to within 1 mV of either rail which gives an output
range of 0.001 V to Vpp — 0.001 V when the reference is Vpp. It
is capable of driving a load of 2 kQ in parallel with 500 pF to
GND and Vpp. The source and sink capabilities of the output
amplifier can be seen in Figure 15.

The slew rate is 0.7 V/us with a half-scale settling time to
+0.5 LSB (at 8 bits) of 6 ps.

POWER-ON RESET

The AD5303/AD5313/AD5323 are provided with a power-on
reset function, so that they power up in a defined state. The
power-on state is:

— Normal operation.
— 0-VRggr output range.
— Output voltage set to 0 V.

Both input and DAC registers are filled with zeros and remain
so until a valid write sequence is made to the device. This is
particularly useful in applications where it is important to know
the state of the DAC outputs while the device is powering up.

Clear Function (CLR)

The CLR pin is an active low input which, when pulled low,
loads all zeros to both input registers and both DAC registers.
This enables both analog outputs to be cleared to 0 V.

-11-
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SERIAL INTERFACE

The AD5303/AD5313/AD5323 are controlled over a versatile,
3-wire serial interface, which operates at clock rates up to

30 MHz and is compatible with SPI, QSPI, MICROWIRE and
DSP interface standards.

Input Shift Register

The input shift register is 16 bits wide. Data is loaded into the
device as a 16-bit word under the control of a serial clock input,
SCLK. The timing diagram for this operation is shown in Fig-
ure 2. The 16-bit word consists of four control bits followed by
8, 10 or 12 bits of DAC data, depending on the device type.
The first bit loaded is the MSB (Bit 15), which determines
whether the data is for DAC A or DAC B. Bit 14 determines the
output range (0—Vgzgg or 0-2 Vggg). Bits 13 and 12 control the
operating mode of the DAC.

Table I. Control Bits

Power-On

Bit Name Function Default
15 A/B 0: Data Written to DAC A N/A

1: Data Written to DAC B
14 GAIN 0: Output Range of 0—Vggr 0

1: Output Range of 0-2 Vygg
13 PD1 Mode Bit 0
12 PDO Mode Bit 0

The remaining bits are DAC data bits, starting with the MSB
and ending with the LSB. The AD5323 uses all 12 bits of DAC
data, the AD5313 uses 10 bits and ignores the two LSBs. The
AD5303 uses eight bits and ignores the last four bits. The data
format is straight binary, with all zeroes corresponding to 0 V out-
put, and all ones corresponding to full-scale output (Vggr — 1 LSB).

The SYNC input is a level-triggered input that acts as a frame
synchronization signal and chip enable. Data can only be trans-
ferred into the device while SYNC is low. To start the serial
data transfer, SYNC should be taken low observing the mini-
mum SYNC to SCLK active edge setup time, t4. After SYNC
goes low, serial data will be shifted into the device’s input shift
register on the falling edges of SCLK for 16 clock pulses. Any
data and clock pulses after the 16th will be ignored, and no
further serial data transfer will occur until SYNC is taken high
and low again.

DB15 (MSB)

SYNC may be taken high after the falling edge of the 16th
SCLK pulse, observing the minimum SCLK falling edge to
SYNC rising edge time, t;.

After the end of serial data transfer, data will automatically be
transferred from the input shift register to the input register of
the selected DAC. If SYNC is taken high before the 16th falling
edge of SCLK, the data transfer will be aborted and the input
registers will not be updated.

When data has been transferred into both input registers, the
DAC registers of both DACs may be simultaneously updated,
by taking LDAC low. CLR is an active-low, asynchronous clear
that clears the input and DAC registers of both DAC:s to all zeroes.

Low Power Serial Interface

To reduce the power consumption of the device even further,
the interface only powers up fully when the device is being writ-
ten to. As soon as the 16-bit control word has been written to
the part, the SCLK and DIN input buffers are powered-down.
They only power-up again following a falling edge of SYNC.

Double-Buffered Interface

The AD5303/AD5313/AD5323 DACs all have double-buffered
interfaces consisting of two banks of registers—input registers
and DAC registers. The input register is connected directly to
the input shift register and the digital code is transferred to the
relevant input register on completion of a valid write sequence.
The DAC register contains the digital code used by the resistor
string.

Access to the DAC register is controlled by the LDAC function.
When LDAC is high, the DAC register is latched and the input
register may change state without affecting the contents of the
DAC register. However, when LDAC is brought low, the DAC
register becomes transparent and the contents of the input regis-
ter are transferred to it.

This is useful if the user requires simultaneous updating of both
DAC outputs. The user may write to both input registers indi-
vidually and then, by pulsing the LDAC input low, both outputs
will update simultaneously.

These parts contain an extra feature whereby the DAC register
is not updated unless its input register has been updated since
the last time that LDAC was brought low. Normally, when
LDAC is brought low, the DAC registers are filled with the

DBO (LSB)

|KIB|GAIN|PD1|PDO|D7|D6|D5|D4|D3|D2|D1|DO| X | X | X | X|

l«— pataBTsS ————
Figure 29. AD5303 Input Shift Register Contents

DB15 (MSB)

DBO (LSB)

|KIB|GAIN|PD1|PDO|DQ|DB|D7|D6|D5|D4|D3|DZ|D1|DO| X | X |

|<— DATABITS ——————»
Figure 30. AD5313 Input Shift Register Contents

DB15 (MSB)

DBO (LSB)

|KIB|GAIN|PD1|PDO|D11|D10|D9|D8|D7|D6|D5|D4|DS|DZ|D1 | DO|

DATA BITS =I

Figure 31. AD5323 Input Shift Register Contents

-12-

REV. 0



AD3303/AD3313/AD5323

contents of the input registers. In the case of the AD5303/AD5313/
AD5323, the part will only update the DAC register if the input
register has been changed since the last time the DAC register
was updated thereby removing unnecessary digital crosstalk.

POWER-DOWN MODES

The AD5303/AD5313/AD5323 have very low power consump-
tion, dissipating only 0.7 mW with a 3 V supply and 1.5 mW
with a 5 V supply. Power consumption can be further reduced
when the DACs are not in use by putting them into one of three
power-down modes, which are selected by Bits 13 and 12 (PD1
and PDO) of the control word. Table II shows how the state of
the bits corresponds to the mode of operation of that particular
DAC.

Table II. PD1/PD0 Operating Modes

PD1 PDO Operating Mode

0 0 Normal Operation

0 1 Power-Down (1 kQ Load to GND)

1 0 Power-Down (100 kQ Load to GND)

1 1 Power-Down (High Impedance Output)

When both bits are set to 0, the DACs work normally with their
normal power consumption of 300 A at 5 V. However, for the
three power-down modes, the supply current falls to 200 nA at
5V (50 nA at 3 V) when both DACs are powered down. Not
only does the supply current drop but the output stage is also
internally switched from the output of the amplifier to a resistor
network of known values. This has the advantage that the out-
put impedance of the part is known while the part is in power-
down mode and provides a defined input condition for whatever
is connected to the output of the DAC amplifier. There are
three different options. The output is connected internally to
GND through a 1 kQ resistor, a 100 kQ resistor or it is left in a
high impedance state (Three-State). The output stage is illus-
trated in Figure 32.

The bias generator, the output amplifier, the resistor string and
all other associated linear circuitry are all shut down when the
power-down mode is activated. However, the contents of the
registers are unaffected when in power-down. The time to exit
power-down is typically 2.5 ps for Vpp =5 V and 5 ps when
Vpp = 3 V. See Figure 22 for a plot.

The software power-down modes programmed by PD0 and
PD1 are overridden by the PD pin. Taking this pin low puts
both DACs into power-down mode simultaneously and both
outputs are put into a high impedance state. If PD is not used it
should be tied high.

RESISTOR
STRING DAC

POWER-DOWN

CIRCUITRY RESISTOR

NETWORK

v

Figure 32. Output Stage During Power-Down
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MICROPROCESSOR INTERFACING
ADS5303/AD5313/AD5323 to ADSP-2101/ADSP-2103 Interface
Figure 33 shows a serial interface between the AD5303/AD5313/
AD5323 and the ADSP-2101/ADSP-2103. The ADSP-2101/
ADSP-2103 should be set up to operate in the SPORT Trans-
mit Alternate Framing Mode. The ADSP-2101/ADSP-2103
SPORT is programmed through the SPORT control register
and should be configured as follows: Internal Clock Operation,
Active-Low Framing, 16-Bit Word Length. Transmission is
initiated by writing a word to the Tx register after the SPORT
has been enabled.

ADSP-2101/ AD5303/
ADSP-2103 AD5313/
TFS > SYNC AD5323*
DT »{ DIN
SCLK | SCLK

*ADDITIONAL PINS OMITTED FOR CLARITY.

Figure 33. AD5303/AD5313/AD5323 to ADSP-2101/ADSP-
2103 Interface

ADS5303/AD5313/AD5323 to 68HC11/68L11 Interface

Figure 34 shows a serial interface between the AD5303/AD5313/
AD5323 and the 68HC11/68L11 microcontroller. SCK of the
68HC11/68L11 drives the SCLK of the AD5303/AD5313/
AD5323, while the MOSI output drives the serial data line
(DIN) of the DAC. The SYNC signal is derived from a port line
(PCT7). The setup conditions for correct operation of this inter-
face are as follows: the 68HC11/68L11 should be configured so
that its CPOL bit is a 0 and its CPHA bit is a 1. When data is
being transmitted to the DAC, the SYNC line is taken low
(PC7). When the 68HC11/68L11 is configured as above, data
appearing on the MOSI output is valid on the falling edge of
SCK. Serial data from the 68HC11/68L11 is transmitted in
8-bit bytes with only eight falling clock edges occurring in the
transmit cycle. Data is transmitted MSB first. In order to load
data to the AD5303/AD5313/AD5323, PC7 is left low after the
first eight bits are transferred, a second serial write operation is
performed to the DAC and PC7 is taken high at the end of this
procedure.

68HC11/68L11* AD5303/
AD5313/
PC7 »SYNC AD5323*
SCK »( SCLK
MOSI »{ DIN

*ADDITIONAL PINS OMITTED FOR CLARITY.

Figure 34. AD5303/AD5313/AD5323 to 68HC11/68L11
Interface
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ADS5303/AD5313/AD5323 to 80C51/80L51 Interface

Figure 35 shows a serial interface between the AD5303/AD5313/
AD5323 and the 80C51/80L51 microcontroller. The setup for
the interface is as follows: TXD of the 80C51/80L51 drives
SCLK of the AD5303/AD5313/AD5323, while RXD drives the
serial data line of the part. The SYNC signal is again derived
from a bit programmable pin on the port. In this case port line
P3.3 is used. When data is to be transmitted to the AD5303/
AD5313/AD5323, P3.3 is taken low. The 80C51/80L51 trans-
mits data only in 8-bit bytes; thus only eight falling clock edges
occur in the transmit cycle. To load data to the DAC, P3.3 is
left low after the first eight bits are transmitted, and a second
write cycle is initiated to transmit the second byte of data. P3.3
is taken high following the completion of this cycle. The 80C51/
80L51 outputs the serial data in a format that has the LSB first.
The AD5303/AD5313/AD5323 requires its data with the MSB
as the first bit received. The 80C51/80L51 transmit routine
should take this into account.

80C51/80L51* AD5303/
_____ AD5313/
P3.3 »| SYNC AD5323*
TXD | SCLK
RXD »| DIN

*ADDITIONAL PINS OMITTED FOR CLARITY.

Figure 35. AD5303/AD5313/AD5323 to 80C51/80L51
Interface

ADS5303/AD5313/AD5323 to MICROWIRE Interface

Figure 36 shows an interface between the AD5303/AD5313/
AD5323 and any MICROWIRE compatible device. Serial data
is shifted out on the falling edge of the serial clock and is clocked
into the AD5303/AD5313/AD5323 on the rising edge of the SK.

MICROWIRE* AD5303/
_____ AD5313/
cs »SYNC AD5323*
SK —Do—» SCLK
so »{DIN

*ADDITIONAL PINS OMITTED FOR CLARITY.

Figure 36. AD5303/AD5313/AD5323 to MICROWIRE
Interface

APPLICATIONS INFORMATION

Typical Application Circuit

The AD5303/AD5313/AD5323 can be used with a wide range
of reference voltages, especially if the reference inputs are con-
figured to be unbuffered, in which case the devices offer full,
one-quadrant multiplying capability over a reference range of
0Vto VDD-

More typically, the AD5303/AD5313/AD5323 may be used
with a fixed, precision reference voltage. Figure 37 shows a
typical setup for the AD5303/AD5313/AD5323 when using an
external reference. If the reference inputs are unbuffered, the
reference input range is from 0 V to Vpp, but if the on-chip

14—

reference buffers are used, the reference range is reduced. Suit-
able references for 5 V operation are the AD780 and REF192
(2.5 V references). For 2.5 V operation, a suitable external
reference would be the REF191, a 2.048 V reference.

Vpp = +2.5V TO +5.5V

EXT v Voo
out—+¢ *—1 VRerA
REF lmF | VreeB VoutA[—o
AD5303/
AD5313/
AD780/REF192 AD5323
WITH Vpp = +5V SCLK
OR REF191 WITH
Vpp = +2.5V g:{NT VourB[—0
GND BUF A BUFB

SERIAL
INTERFACE

‘t_l_l

Figure 37. AD5303/AD5313/AD5323 Using External
Reference

If an output range of 0 V to Vpp is required when the reference
inputs are configured as unbuffered (for example 0 V to +5 V)
then the simplest solution is to connect the reference inputs to
Vpp. As this supply may not be very accurate and may be noisy,
then the AD5303/AD5313/AD5323 may be powered from the
reference voltage, for example using a 5 V reference such as the
REF195, as shown in Figure 38. The REF195 will output a
steady supply voltage for the AD5303/AD5313/AD5323. The
current required from the REF195 is 300 pA supply current and
approximately 30 A or 60 PA into each of the reference inputs
(if unbuffered). This is with no load on the DAC outputs. When
the DAC outputs are loaded, the REF195 also needs to supply
the current to the loads. The total current required (with a 10 kQ
load on each output) is:

360 ud + 2 (5 V710 kQ) = 1.36 mA

The load regulation of the REF195 is typically 2 ppm/mA,
which results in an error of 2.7 ppm (13.5 uV) for the 1.36 mA
current drawn from it. This corresponds to a 0.0007 LSB error
at 8 bits and 0.011 LLSB error at 12 bits.

? +15V
0.1uF =< 10pF

Vin
REF195 g $
Vour »— Voo
GND %"‘F h VrerA VourAl—o
%7 VRerB
AD5303/
AD5313/
AD5323
SCLK
DIN VourB[—o
SYNC
f GND BUF A BUFB

SERIAL
INTERFACE

‘t_l_l

Figure 38. Using an REF195 as Power and Reference to the
AD5303/AD5313/AD5323
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Bipolar Operation Using the AD5303/AD5313/AD5323

The AD5303/AD5313/AD5323 has been designed for single
supply operation, but bipolar operation is also achievable using
the circuit shown in Figure 39. The circuit shown has been
configured to achieve an output voltage range of -5 V < Voyt <
+5 V. Rail-to-rail operation at the amplifier output is achievable
using an AD820 or OP295 as the output amplifier.

+6V TO +16V Vpp = +5V R2
Q Q 10kQ
%o.mF $l10pF .
10kQ
VIN VVv
REF195 Voo
Vour +- VRerA/B
1uF
GND T ® AD5303/
6 AD5313/
AD5323
SCLK
DIN VourA/B
SYNC
f GND BUFA BUFB

SERIAL
INTERFACE

‘t_l_l

Figure 39. Bipolar Operation Using the AD5303/AD5313/
AD5323

The output voltage for any input code can be calculated as
follows:

Vour = [(Vger X D/2N) X (R1+R2)/R1 — Vrgr X (R2/R1)]
where:

D is the decimal equivalent of the code loaded to the DAC and
N is the DAC resolution.

Vrer is the reference voltage input, and gain bit = 0.
with:
Vrer =5V

R1=R2=10kQand Vpp =5V
Vour= (10xD/2N) -5V

Opto-Isolated Interface for Process Control Applications
The AD5303/AD5313/AD5323 has a versatile 3-wire serial
interface making it ideal for generating accurate voltages in
process control and industrial applications. Due to noise, safety
requirements or distance, it may be necessary to isolate the
AD5303/AD5313/AD5323 from the controller. This can easily
be achieved by using opto-isolators, which will provide isolation
in excess of 3 kV. The serial loading structure of the AD5303/
AD5313/AD5323 makes it ideally suited for use in opto-isolated
applications. Figure 40 shows an opto-isolated interface to the
AD5303/AD5313/AD5323 where DIN, SCLK and SYNC are
driven from opto-couplers. The power supply to the part also
needs to be isolated. This is done by using a transformer. On
the DAC side of the transformer, a +5 V regulator provides the
+5 V supply required for the AD5303/AD5313/AD5323.

REV. 0

10kQ % Voo
SCLK O * SCLK VegrA
G[ - VgerB
4 AD5303/
= = Voo AD5313/
10Kk % AD5323
SYNC O L SYNC
G[ —»> VoutA—o
>
VoutB|—0
= = Vop
10kQ %
DIN O & DIN
G[ I GND BUFA BUFB

Figure 40. AD5303/AD5313/AD5323 in an Opto-Isolated
Interface

Decoding Multiple AD5303/AD5313/AD5323s

The SYNC pin on the AD5303/AD5313/AD5323 can be used
in applications to decode a number of DACs. In this applica-
tion, all the DACs in the system receive the same serial clock
and serial data, but only the SYNC to one of the devices will be
active at any one time, allowing access to two channels in this
8-channel system. The 74HC139 is used as a 2-to-4 line de-
coder to address any of the DACs in the system. To prevent
timing errors from occurring, the enable input should be brought
to its inactive state while the coded address inputs are changing
state. Figure 41 shows a diagram of a typical setup for decoding
multiple AD5303/AD5313/AD5323 devices in a system.

scLko AD5303/
DIN O SYNG AD5313/
Voo AD5323
T DIN
Vee ¢—SCLK
ENABLE 0—{1G 1Y0 o— pr——"
copep oA i SYNC ?\%55%12%/
ADDRESS o l4g  74HC139 qy2 | DIN
1Y3 P— —{SCLK
DTD AD5303/
= SYNC AD5313/
AD5323
DIN
¢—{scLK
AD5303/
SYNC AD5313/
AD5323
DIN
L scLk

Figure 41. Decoding Multiple AD5303/AD5313/AD5323
Devices in a System
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AD5303/AD5313/AD5323 as a Digitally Programmable
Window Detector

A digitally programmable upper/lower limit detector using the
two DACs in the AD5303/AD5313/AD5323 is shown in Figure
42. The upper and lower limits for the test are loaded to DACs
A and B which, in turn, set the limits on the CMPO04. If the
signal at the Vyy input is not within the programmed window, a
LED will indicate the fail condition.

+5V O—¢ 4
l0.1p.F l10;J.F Vin L
g g 9 $1ko 1kQ
Voo @[ FAIL PASS
VRerF O—E VRerA Y A
VRerB VoutA + X R
AD5303/
AD5313/ ~ ERTT
112 PASS/FAIL
AD5323 CMP04
SYNC 0—| SYNC L LTS
DINO—— DIN
SCLK 0—— scLK VourB > 1/6 74HCO5

GN
v v
Figure 42. Window Detector Using AD5303/AD5313/AD5323
Coarse and Fine Adjustment Using the AD5303/AD5313/
AD5323

The DACs in the AD5303/AD5313/AD5323 can be paired
together to form a coarse and fine adjustment function, as
shown in Figure 43. DAC A is used to provide the coarse ad-
justment while DAC B provides the fine adjustment. Varying
the ratio of R1 and R2 will change the relative effect of the
coarse and fine adjustments. With the resistor values and exter-
nal reference shown, the output amplifier has unity gain for the
DAC A output, so the output range is 0 V to 2.5 V-1 LSB.
For DAC B the amplifier has a gain of 7.6 x 107, giving DAC B
a range equal to 19 mV.

The circuit is shown with a 2.5 V reference, but reference volt-
ages up to Vpp may be used. The op amps indicated will allow a
rail-to-rail output swing.

Vpp=+5V  ga R4
51.2kQ 3900

%0.1 rF i‘ 10pF
Vin Voo
E)E(.II-: Vout + ¢—{ VRerA VoutA W
1uF

LI AD5303/

v AD5313/

AD780/REF192 AD5323
WITH Vpp = +5V VRerB VourB -
R2

GND 51.2kQ

v

Figure 43. Coarse/Fine Adjustment
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Daisy-Chain Mode

This mode is used for updating serially-connected or stand-
alone devices on the rising edge of SYNC. For systems that
contain several DACs, or where the user wishes to read back
the DAC contents for diagnostic purposes, the SDO pin may be
used to daisy-chain several devices together and provide serial
readback.

By connecting DCEN (Daisy-Chain Enable) pin high, the
Daisy-Chain Mode is enabled. It is tied low in the case of
Stand-Alone Mode. In Daisy-Chain Mode the internal gating
on SCLK is disabled. The SCLK is continuously applied to the
input shift register when SYNC is low. If more than 16 clock
pulses are applied, the data ripples out of the shift register and
appears on the SDO line. This data is clocked out after the
falling edge of SCLK and is valid on the subsequent rising and
falling edges. By connecting this line to the DIN input on the
next DAC in the chain, a multiDAC interface is constructed.
Sixteen clock pulses are required for each DAC in the system.
Therefore, the total number of clock cycles must equal 16N
where N is the total number of devices in the chain. When the
serial transfer to all devices is complete, SYNC should be taken
high. This prevents any further data being clocked into the input
shift register.

A continuous SCLK source may be used if it can be arranged
that SYNC is held low for the correct number of clock cycles.
Alternatively, a burst clock containing the exact number of clock
cycles may be used and SYNC taken high some time later.

When the transfer to all input registers is complete, a common
LDAC signal updates all DAC registers and all analog outputs
are updated simultaneously.

68HC11* AD5303/

AD5313/

AD5323*
(DAC 1)

MOSI

A
=]
H

SCK

i
7]
2]
r
=

PC7

y
7]
<
Z
Ol

PC6
MISO SDO

A *

DIN
AD5303/
AD5313/

AD5323*
P> ScLK (DAC 2)

Y
=
(=)
D
O

A 4
0|
<
Z
(g

SDO
|

¥

DIN

AD5303/
AD5313/

L »lscLx AD5323*
(DAC N)

) 4
0|
<
Zi
(g

1 ]
pr
O
>
ol

SDO
|

*ADDITIONAL PINS OMITTED FOR CLARITY

Figure 44. Daisy-Chain Mode
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M{ﬂgﬂm [
tg
SYNC
L0
tS )

(e @ CHCDE

INPUT WORD FOR DAC N

INPUT WORD FOR DAC (N+1)

UNDEFINED

SCLK

INPUT WORD FOR DAC N

SDO

Y
Vin
N

t2

Figure 45. Daisy-Chaining Timing Diagram

Power Supply Bypassing and Grounding

In any circuit where accuracy is important, careful consideration
of the power supply and ground return layout helps to ensure
the rated performance. The printed circuit board on which the
AD5303/AD5313/AD5323 is mounted should be designed so
that the analog and digital sections are separated, and confined
to certain areas of the board. If the AD5303/AD5313/AD5323
is in a system where multiple devices require an AGND to
DGND connection, the connection should be made at one
point only. The star ground point should be established as close
as possible to the AD5303/AD5313/AD5323. The AD5303/
AD5313/AD5323 should have ample supply bypassing of 10 uF
in parallel with 0.1 uF on the supply located as close to the
package as possible, ideally right up against the device. The

10 uF capacitors are the tantalum bead type. The 0.1 uF
capacitor should have low Effective Series Resistance (ESR)
and Effective Series Inductance (ESI), like the common
ceramic types that provide a low impedance path to ground at
high frequencies to handle transient currents due to internal
logic switching.

The power supply lines of the AD5303/AD5313/AD5323 should
use as large a trace as possible to provide low impedance paths
and reduce the effects of glitches on the power supply line. Fast
switching signals such as clocks should be shielded with digital
ground to avoid radiating noise to other parts of the board, and
should never be run near the reference inputs. Avoid crossover
of digital and analog signals. Traces on opposite sides of the
board should run at right angles to each other. This reduces the
effects of feedthrough through the board. A microstrip tech-
nique is by far the best, but not always possible with a double-
sided board. In this technique, the component side of the board
is dedicated to ground plane while signal traces are placed on
the solder side.
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OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

16-Lead Thin Shrink Small Outline Package (TSSOP)
(RU-16)

0.201 (5.10)
0.193 (4.90)

—

——I

16 9

0.177 (4.50)
0.169 (4.30)

0.256 (6.50)
0.246 (6.25)

|<—
L —

0.006 (0.15)
0.0433

ax L
> e MAX g 0028(070) |
SEATING 0.0256  0.0118 (0.30) 0.020 (0.50)

ey Loue 00079 (020)°  0-020(0.50)
PLANE .0075 (0.19) 90979 (9.20)
BSC 0.0035 (0.090)
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FEATURES

Rail-to-Rail Input and Output

Single Supply Input Range: - 0.4V to 44V
Micropower: 50pA/Amplifier Max

MSOP Package

Specified on 3V, 5V and £15V Supplies
High Output Current: 20mA

Output Drives 10,000pF with Output Compensation
Reverse Battery Protection to 18V

No Supply Sequencing Problems

High Voltage Gain: 1500V/mV

High CMRR: 98dB

No Phase Reversal

Gain Bandwidth Product: 200kHz

APPLICATIONS

Battery- or Solar-Powered Systems
Portable Instrumentation
Sensor Conditioning

Supply Current Sensing

Battery Monitoring

Micropower Active Filters

4mA to 20mA Transmitters

LT, LTC and LT are registered trademarks of Linear Technology Corporation.

| t ] \D LT1490/LT1491

TECHNOLOGY

Dual and Quad
Micropower Rail-to-Rail

Input and Output Op AMpPs

PDESCRIPTION

The dual LT®1490 and quad LT1491 op amps operate on all
single and split supplies with a total voltage of 2V to 44V
drawing only 40uA of quiescent current per amplifier. These
amplifiersare reverse supply protected; they draw no current
for reverse supply up to 18V. The input range of the LT1490/
LT1491 includes both supplies and the output swings to both
supplies. Unlike most micropower op amps, the LT1490/
LT1491 can drive heavy loads; their rail-to-rail outputs drive
20mA. The LT1490/LT1491 are unity-gain stable and drive all
capacitive loads up to 10,000pF when optional 0.22uF and
150Q compensation is used.

The LT1490/LT1491 have a unique input stage that oper-
ates and remains high impedance when above the positive
supply. The inputs take 44V both differential and common
mode even when operating on a 3V supply. Built-in resis-
tors protect the inputs for faults below the negative supply
upto22V.Thereisno phase reversal ofthe outputforinputs
22V below V™~ or 44V above V~, independent of V*.

The LT1490 dual op amp is available in the 8-pin MSOP,
SO and PDIP packages. The quad LT1491 is available in
the 14-pin SO and PDIP packages.

For new designs it is recommended that the LT1490A/
LT1491A be used instead of the LT1490/LT1491. See the
LT1490A/LT1491A data sheet for details.

Battery Monitor
Rs RA
020 % a1
CHICER |- o—AA—e—WWA. + 2N3904
IBATT R -
i 1/4 LT1491 o
M - 1/4 LT1491 LOGIC
—+
o @
AN + 2N3904 LOGIC HIGH (5V) = CHARGING
. LOGIC LOW (V) = DISCHARGING
Ra 1/4 LT1491
2% h1
LOAD VWV - ¥
D
>
Lt She 1/4 LT1491 — Vour
= S 10k
= Varr =12V hS __ 1
I ST 7 10k 90.9k
= = 0~ Oo——AM AAA
rO WA VWV
lgarr] = Vour _ Your awps = S1=0PEN, GAIN =1 Ra=Rg
(Rs)(Rg/Ra) (GAIN) ~ GAIN S1=CLOSED, GAIN=10  Vg=5Y, 0V
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LT1490/LT1491

ABSOLUTE MAXIMUM RATINGS (ot 1)

Total Supply Voltage (V¥ tOV7) e 44V
Input Differential Voltage ...........cccoeveveveccciere 44V
INPUE CUITENT ..o +25mA
Output Short-Circuit Duration (Note 2).......... Continuous
Operating Temperature Range ................ -40°C to 85°C

Junction Temperature ..........ccceveveeeeeeevecceee. 150°C
Specified Temperature Range (Note 3) .. —40°C to 85°C
Storage Temperature Range ................. -65°C to 150°C
Lead Temperature (Soldering, 10 S€C) .......co......... 300°C

PACKAGE/ORDER INFORMATION (For new designs, use the LT1490A or LT1491A)

TOP VIEW

outA [1] >~ 8] v+

-INA Ejgj [7] outsB

+INA [3] l_z 6] -INB
V- [4 4 [5] +INB

MS8 PACKAGE N8 PACKAGE
8-LEAD MSOP 8-LEAD PDIP
S8 PACKAGE
8-LEAD PLASTIC SO

Tymax = 150°C, 84 = 250°C/ W (MS8)
Tomax =150°C, 8y = 130°C/ W (N8)
Tomax =150°C, 834 = 190°C/ W (S8)

ORDER PART
NUMBER

LT1490CMS8
LT1490CN8
LT1490CS8
LT1490IN8
LT1490158

MS8 PART MARKING

LTBB

S8 PART MARKING

1490 1490l

TOP VIEW

OUTA [T] ~ [14] OUTD
-INA |Z:l>_| I_{]:ﬂ -IND
+INA [3] [12] +IND

v* [4] 1] V-
+INB [5] 0] +INC
-INB E I'@E -INC
ouTB [7] 8] ouTC

N PACKAGE S PACKAGE
14-LEAD PDIP  14-LEAD PLASTIC SO

Tymax = 150°C, 64a = 110°C/W (N)
Tymax = 150°C, B4 = 150°C/W (S)

ORDER PART
NUMBER

LT1491CN
LT1491CS
LT1491IN
LT14911S

Consult factory for Military grade parts.

GLECTB'C“L CHHBHCTGRBTKS The « denotes specifications which apply over the full operating temperature

range, otherwise specifications are at Ty = 25°C. Vg =3V, 0V; Vg =5V, OV; V¢ = Vour = half supply, unless otherwise noted. (Note 3)

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage LT1490 N Package 220 800 pv
0°C<Tp<70°C 1000 pv

-40°C<Tp<85°C 1100 pv

LT1490 S Package 220 950 pv

0°C<Tp<70°C 1200 pv

-40°C<Tp<85°C 1300 pv

LT1491 N Package 300 1100 uv

0°C<Tp<70°C 1350 pv

-40°C<Tp<85°C 1450 pv

LT1490CMS8 Package, LT1491 S Package 350 1450 uv

0°C<Tp<70°C 1650 pv

-40°C<Tp<85°C 1750 pv

Vos TC Input Offset Voltage Drift 0°C < Tp <70°C (Note 7) 2 4 pv/°C
—40°C < Tp < 85°C (Note 7) 2 4 uv/°G

los Input Offset Current 0.2 0.8 nA
Vem = 44V (Note 4) 0.8 pA

I Input Bias Current 4 8 nA
Vem = 44V (Note 4) 4 10 pA

Vg =0V 0.1 nA

Input Noise Voltage 0.1Hz to 10Hz 1 uVp.p

LY N



LT1490/LT1491

ELGCT“ICHL CHHRHCTGRISTICS The « denotes specifications which apply over the full operating temperature

range, otherwise specifications are at Ty = 25°C. Vg =3V, 0V; Vg =5V, OV; V¢ = Voyr = half supply, unless otherwise noted. (Note 3)

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
en Input Noise Voltage Density f=1kHz 50 nVAHz
in Input Noise Current Density f=1kHz 0.03 pAVHz
Rin Input Resistance Differential 6 17 MQ
Common Mode, Vg = 0V to 44V 4 11 MQ

Cin Input Capacitance 4.6 pF
Input Voltage Range 0 44 \

CMRR Common Mode Rejection Ratio Vem=0Vto Vg -1V 84 98 aB
(Note 4) Vew = 0V to 44V 80 98 aB

AvoL Large-Signal Voltage Gain Vg =3V, Vg =500mVto 2.5V, R =10k 200 1500 V/mV
0°C<Tp<70°C 133 V/mV

-40°C < Tp < 85°C 100 V/mV

Vg =5V, Vg =500mVto 4.5V, R =10k 400 1500 V/mV

0°C<Tp<70°C 250 V/mV

-40°C<Tp<85°C 200 V/mV

VoL Output Voltage Swing Low Vg =3V, No Load 22 50 mV
Vg =3V, Ignk = 5SmA 250 450 mV

Vg =5V, No Load 22 50 mV

VS =5V, |SINK =5mA 250 500 mV

Vg =5V, Ignk = T0mA 330 500 mV

VoH Output Voltage Swing High Vg =3V, No Load 2.95 2.978 Y
VS = 3V, |SOURCE =5mA 2.55 2.6 V

Vg =5V, No Load 4.95 4.978 v

Vg =5V, Isource = 10mA 4.30 4.6 \

Isc Short-Circuit Current (Note 2) Vg =3V, Short to GND 10 15 mA
Vg =3V, Short to Vg 10 30 mA

Vg =5V, Short to GND 15 25 mA

Vg =5V, Short to Vg 15 30 mA

PSRR Power Supply Rejection Ratio Vg=2.5V1012.5V, Vg =Vo=1V 84 98 aB
Minimum Operating Supply Voltage 2 2.5 Y

Reverse Supply Voltage Is =—100pA per Amplifier 18 27 v

Is Supply Gurrent per Amplifier 40 50 pA
(Note 5) 55 pA

GBW Gain Bandwidth Product f=1kHz 110 180 kHz
(Note 4) 0°C<Tp<70°C 100 kHz
-40°C<Tp<85°C 90 kHz

SR Slew Rate Ay=-1,R = 0.035 0.06 V/us
(Note 6) 0°C<Tp<70°C 0.031 V/us
-40°C<Tp<85°C 0.030 V/us
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LT1490/LT1491

ELGCT“ICHL CHHRHCTGRISTICS The « denotes specifications which apply over the full operating temperature

range, otherwise specifications are at Ty = 25°C. Vg = £15V, V¢ = OV, Vgyr = 0V, unless otherwise noted. (Note 3)

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS

Vos Input Offset Voltage LT1490 N, S Package 250 1200 uv

0°C<Tp<70°C 1400 pv

-40°C<Tp<85°C 1500 pv

LT1491 N Package 350 1250 pv

0°C<Tp<70°C ° 1500 pv

-40°C <Tp<85°C ° 1600 pv

LT1490CMS8 Package, LT1491 S Package 400 1600 pv

0°C<Tp<70°C 1850 pv

-40°C<Tp<85°C 1950 pv

Vos TC Input Offset Voltage Drift 0°C < Tp < 70°C (Note 7) 3 6 pv/°C

—-40°C < Tp < 85°C (Note 7) 3 6 WV/°C

los Input Offset Current ° 0.2 0.8 nA

I Input Bias Current ° 4 8 nA

Input Noise Voltage 0.1Hz to 10Hz 1 uVp.p

en Input Noise Voltage Density f=1kHz 50 nV/vHz

in Input Noise Current Density f=1kHz 0.03 pANHz

Rin Input Resistance Differential 6 17 MQ

Common Mode, Vgy =—15V to 14V 15000 MQ

Cin Input Capacitance 4.6 pF

Input Voltage Range ° -15 29 Y

CMRR Common Mode Rejection Ratio Vem=-15V 1o 29V ° 80 93 aB

AvoL Large-Signal Voltage Gain Vo =14V, R = 10k 100 250 V/mV

0°C<Tp<70°C 75 V/mV

—-40°C <Tp < 85°C 50 V/mV

Vo Output Voltage Swing No Load +149  +14.978 V

lgut = £5mA +145 +14.750 Y

lout = £10mA +145 +14.670 Y

Isc Short-Circuit Current (Note 2) Short to GND +20 125 mA

0°C<Tp<70°C +15 mA

-40°C <Tp<85°C +10 mA

PSRR Power Supply Rejection Ratio Vg=+1.25V to £22V ° 88 98 aB

Is Supply Gurrent per Amplifier 50 70 pA

. 85 HA

GBW Gain Bandwidth Product f=1kHz 125 200 kHz

0°C<Tp<70°C 110 kHz

-40°C<Tp<85°C 100 kHz

SR Slew Rate Ay=-1,RL =0, Vg =£10V, 0.0375 0.07 V/us
Measure at Vg = £5V

0°C<Tp<70°C o 0.0330 V/us

-40°C <Tp<85°C o 0.0300 V/us

Note 1: Absolute Maximum Ratings are those values beyond which the
life of the device may be impaired.
Note 2: A heat sink may be required to keep the junction temperature
below absolute maximum. This depends on the power supply voltage
and how many amplifiers are shorted.
Note 3: The LT1490C/LT1491C are guaranteed to meet specified
performance from 0°C to 70°C. The LT1490C/LT1491C are designed,
characterized and expected to meet specified performance from —40°C
to 85°C but are not tested or QA sampled at these temperatures.

The LT14901/LT14911 are guaranteed to meet specified performance from

~40°C to 85°C.

Note 4: Vg = 5V limits are guaranteed by correlation to Vg = 3V and

Vg = +15V tests.

Note 5: Vg =3V limits are guaranteed by correlation to Vg = 5V and

Vg = +15V tests.

Note 6: Guaranteed by correlation to slew rate at Vg = +15V and GBW

at Vg = 3V and Vg = +15V tests.

Note 7: This parameter is not 100% tested.

4
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LT1490/LT1491

TYPICAL PERFORMANCE CHARACTERISTICS

Supply Current vs Supply Voltage
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LT1490/LT1491

TYPICAL PERFORMANCE CHARACTERISTICS

Gain and Phase Shift
vs Frequency
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LT1490/LT1491

TYPICAL PERFORMANCE CHARACTERISTICS
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LT1490/LT1491

APPLICATIONS INFORMATION
Supply Voltage

The positive supply pin of the LT1490/LT1491 should be
bypassed with a small capacitor (about 0.01uF) within an
inch of the pin. When driving heavy loads an additional
4.7uF electrolytic capacitor should be used. When using
split supplies, the same is true for the negative supply pin.

The LT1490/LT1491 are protected against reverse battery
voltages upto 18V. Inthe eventa reverse battery condition
occurs, the supply current is less than 1nA.

The LT1490/LT1491 can be shut down by removing V*. In
this condition the input bias current is less than 0.1nA,
even if the inputs are 44V above the negative supply.

When operating the LT1490/LT1491 on total supplies of
30V or more, the supply must not be brought up faster
than 1ps. This is especially true if low ESR bypass capaci-
tors are used. A series RLC circuit is formed from the
supply lead inductance and the bypass capacitor. 5Q of
resistance in the supply or the bypass capacitor will
dampen the tuned circuit enough to limit the rise time.

Inputs

The LT1490/LT1491 have two input stages, NPN and PNP
(see the Simplified Schematic), resulting in three distinct
operating regions as shown in the Input Bias Current vs
Common Mode typical performance curve.

For input voltages about 0.8V or more below V*, the PNP
input stage is active and the input bias current is typically
—4nA. When the input voltage is about 0.5V or less from
V*, the NPN input stage is operating and the input bias
current is typically 18nA. Increases in temperature will
cause the voltage at which operation switches from the
PNP stage to the NPN stage to move towards V*. The input
offset voltage of the NPN stage is untrimmed and is
typically 600pV.

A Schottky diode in the collector of each NPN transistor of
the NPN input stage allows the LT1490/LT1491 to operate
with either or both of its inputs above V*. At about 0.3V
above V*the NPNinputtransistoris fully saturated and the
input bias current is typically 4pA at room temperature.
The input offset voltage is typically 700uV when operating
above V*. The LT1490/LT1491 will operate with its inputs
44\ above V™ regardless of V*.

The inputs are protected against excursions as much as
22\ below V~by aninternal 1k resistor in series with each
input and a diode from the input to the negative supply.
There is no output phase reversal for inputs up to 22V
below V~. There are no clamping diodes between the
inputs and the maximum differential input voltage is 44V.

Output

The output voltage swing of the LT1490/LT1491 is af-
fected by input overdrive as shown in the typical perfor-
mance curves. When monitoring voltages within 100mV
of either rail, gain should be taken to keep the output from

clipping.

The output of the LT1490/LT1491 can be pulled up to 18V
beyond V*with less than 1nA of leakage current, provided
that V* is less than 0.5V.

The normally reverse-biased substrate diode from the
outputto V™ will cause unlimited currentsto flow whenthe
output is forced below V~. If the current is transient and
limited to 100mA, no damage will occur.

The LT1490/LT1491 is internally compensated to drive at
least 200pF of capacitance under any output loading
conditions. A 0.22uF capacitor in series with a 150Q
resistor between the output and ground will compensate
these amplifiersforlarger capacitive loads, upto 10,000pF,
at all output currents.

Distortion

There are two main contributors of distortion in op amps:
output crossover distortion as the output transitions from
sourcing to sinking current and distortion caused by
nonlinear common mode rejection. Of course, if the op
amp is operating inverting there is no common mode
induced distortion. When the LT1490 switches between
input stages there is significant nonlinearity in the CMRR.
Lower load resistance increases the output crossover
distortion, but has no effect on the input stage transition
distortion. Forlowest distortionthe LT1490/LT1491 should
be operated single supply, with the output always sourc-
ing current and with the input voltage swing between
ground and (V* — 0.8V). See the Typical Performance
Characteristics curves.

8
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LT1490/LT1491

APPLICATIONS INFORMATION

Gain mance in single supply applications where the load is
returned to ground. The typical performance photo of

The open-loop gain is almost independent of load when Open-Loop Gain for various loads shows the details.

the output is sourcing current. This optimizes perfor-

TYPICAL APPLICATIONS
Square Wave Oscillator Optional Output Compensation for
Capacitive Loads Greater Than 200pF
5V 59k
100k
Vin
100k — —
= . - _-l—_ C < 10,000pF
50k =
I g,‘]uF 1490/91 TA02 _—— 0.22LJ.F
= 150Q
f= ﬁ - 1490/91 TAOA
Vour = 5Vp-p WITH 5V SUPPLY
Is = 200pA
AT Vg =5V, R =50k, C = 1nF
OUTPUT IS 5kHz SLEW LIMITED TRIANGLE WAVE
SIMPLIFIED SCHEMATIC
© o & +
oo o rs {] L
oj L'_) D1 Jﬁ D2 Jﬁ D3 N 022
S R
30k F;E Q19

Q4 -IN _Wv
¢ Q17 Q20
+ R3 Q7 08 Qi1 Q12 ¢— OUT
1k Q16 Q18
2uA +IN —AAN LA c>—|:1015
Ig?—o—@;) 013]—0-%114 &
‘ ® ’ S
—t —t >
Q5 Q6 T D4 f D5 %Z‘gk %Egk
$ L ]v

Q21

¥ \

ONE AMPLIFIER 1490191 88
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LT1490/LT1491

PHCKHGG Descnlpﬂon Dimensions in inches (millimeters) unless otherwise noted.

MS Package
8-Lead Plastic MSOP
(LTC DWG # 05-08-1660)

0.118 +0.004* |
(3.00%0.102)
0.040 + 0.006 0.034 + 0.004
(1.02%0.15) (0.86 % 0.102)
0.007 | 0°—6° TYP
o9 j y v 0.118 + 0.004
‘ SEATING Y v 0.193 + 0.006 118 +0.004**
T — _— — _ —_ =
A | |l 002 z000 4 PLANE 0012 | | Fooosso004  (48020.15) (3.00+0.102)
(053 %0.015) (030) ) osp (0.15%0.102)
REF = ———> |=— —_—
(0.65) MSOP (MS8) 1098
BSC A
* DIMENSION DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS. MOLD FLASH,
PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.006" (0.152mm) PER SIDE
** DIMENSION DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSIONS.
INTERLEAD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006' (0.152mm) PER SIDE
N8 Package
8-Lead PDIP (Narrow 0.300)
(LTC DWG # 05-08-1510)
0.400*
(10.160)
0.300 - 0.325 0.045-0.085 | 0.130 +0.005 MAX
7.620 - 8.255 11431651 3.302+0.127
= | owsis) 7 [T asesom) {1 1 [
(%;5) J ¢ 0.255 + 0.015* >
0009-0015 | TYP T 0w F (6477 £0.381)
(0.229 - 0.381) | 0125
003 (3.175)  0.020
+0.035 — MIN (0508
0925 5gr5 | (0588) U [2] [s] 14
— 0.100 0.018 +0.003 8 1098
8.255 *ggg? (2.54) (0.457 £ 0.076)
-0 BSC
*THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.010 INCH (0.254mm)
S8 Package
8-Lead Plastic Small Outline (Narrow 0.150)
(LTC DWG # 05-08-1610)
0.189 - 0.197*
(4.801 - 5.004)
8 7 6 5

0.010-0.020 0,053

SR 450 | |
(0.254 - 0.508) ‘ (346-172)
0008-0010 """ 0.004-0.010
(0.203 - 0.254) 0°-8° TYP (0.101-0.254)
ﬁ | 0016-0050 f T :77 0.228 - 0.244
~— (0406 -1270) 0.014-0.019 ‘ ‘ ‘ 0.050 (5.791-6.197)
(0.406 —1.270) 035 —0dgs " 270

*DIMENSION DOES NOT INCLUDE MOLD FLASH. MOLD FLASH
SHALL NOT EXCEED 0.006" (0.152mm) PER SIDE
**DIMENSION DOES NOT INCLUDE INTERLEAD FLASH. INTERLEAD
FLASH SHALL NOT EXCEED 0.010" (0.254mm) PER SIDE

0.069

1

H A8 f

BSC

(3.810-3.988)

-]

~ [
w[1]
=[]

S08 1298
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LT1490/LT1491
PHCKHGG DESCBIPTIO" Dimensions in inches (millimeters) unless otherwise noted.

N Package
14-Lead PDIP (Narrow 0.300)
(LTC DWG # 05-08-1510)

0.770*

(19.558)
MAX

[1a] [13] [12] [r1] [1o] [o] [s]
0.255 = 0.015*
(6.477 £ 0.381)

L L] [ [of Ls] [e] [7]

0.300-0.325 0.130 + 0.005 0.045 - 0.065
— > ————
(7.620-8.255) (33022 0.127) (1.143-1.651) »‘ ‘« |
0.020 —
(0508) y :l ?
MIN 0.065
0.009-0.015 | (1.651)
(0.229 - 0.381) T TYP
+0.035
o %005 | 0125 —»| |« 0005 0.018 + 0.003
- - ppa— (0.125) | |
8.255+0-889 (3.175) i (0.457 +0.076)
-0.381 MIN % . -
*THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. BSC
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.010 INCH (0.254mm) N141098
S Package
14-Lead Plastic Small Outline (Narrow 0.150)
(LTC DWG # 05-08-1610)
0.337 - 0.344*
(8.560 - 8.738)
14 13 12 11 10 9 8
0.228 - 0.244 0.150-0.157**
(5.791-6.197) (3.810-3.988)
B 1 2 3 4 5 6 7
(g'g;g%)wya -~ 0.053 - 0.069
) ’ (1.346 - 1.752)

0.008 - 0.010 ﬁ 0.004 - 0.010
(0.203 l 0.254) 0°-8°TYP (0.101 l 0.254)
? ‘ 0.016 - 0.050 0.014-0.019 ‘ ‘ ‘ 0.050 T

*‘ = (0.406-1270) (035 POASS)% - (1270
*“DIMENSION DOES NOT INCLUDE MOLD FLASH. MOLD FLASH s 1298
SHALL NOT EXCEED 0.006" (0.152mm) PER SIDE
**DIMENSION DOES NOT INCLUDE INTERLEAD FLASH. INTERLEAD
FLASH SHALL NOT EXCEED 0.010" (0.254mm) PER SIDE
Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
‘ ’ Llnw However, no responsibility is assumed for its use. Linear Technology Corporation makes no represen-
TECHNOLOGY tationthatthe interconnection of its circuits as described herein will notinfringe on existing patent rights.



LT1490/LT1491

TYPICAL APPLICATION

Ring-Tone Generator

60V
R2 R16
47k 100K
R‘;V\' 0 ‘—_|| VVV |
3 IRF628 £~ |—‘Q3
c3 14 2N3904 A
c2
047pF | 0.047pF kz1 R17 b
— R9 R11 15V 620Q
D1 300k 10k 100k ]
1N4148
SN
c4 R18
0.068pF 1/4 L1491 P 1000
|1 3
— WA ®
I I C7 >R23 <’R26
RS g R12 p 3
620k S0 swooTHiNG FILTER 10K NS4k i
| A25 | ¥ oprot
CADENCE OSCILLATOR 20Hz OSCILLATOR G5 47k -
0.01uF : s
L 2N3904
UPTO
TEN
PHONES
e B I SRt
*LED OF OPTO1 ILLUMINATES WHEN THE PHONE IS OFF THE HOOK IRF9620 1500
SEE DESIGN NOTE DN134 FOR AN EXPLANATION OF THE CIRCUIT POWER AMPLIFIER C6
R20 —T—0.033uF
-180V 100k = 149011491 TAO3
PART NUMBER DESCRIPTION COMMENTS
LT1078/LT1079 Dual/Quad 55pA Max, Single Supply, Precision Op Amps Input/Output Common Mode Includes Ground, 701V Vos(vax)
and 2.5pV/°C Drift (Max), 200kHz GBW, 0.07V/ps Slew Rate
LTC1152 Rail-to-Rail Input, Rail-to-Rail Output, Zero-Drift Amplifier High DC Accuracy, 10uV Vos(max), 100nV/°C, IMHz GBW,
1V/us Slew Rate, Supply Current 2.2mA (Max), Single Supply,
Can Be Configured for C-Load™ Operation
LT1178/LT1179 Dual/Quad 17pA Max, Single Supply, Precison Op Amps Input/Output Common Mode Includes Ground, 701V Vos(wax)
and 4pV/°C Drift (Max), 85kHz GBW, 0.04V/ps Slew Rate
LT1366/LT1367 Dual/Quad Precision, Rail-to-Rail Input and Output Op Amps | 475V Vogmax), 500V/mV AyoL i), 400kHz GBW
LT1490A/LT1491A Dual/Quad Micropower Rail-to-Rail Precision Op Amps 500pV Vos(max), Improved Version of the LT1490/LT1491

C-Load is a trademark of Linear Technology Corporation.
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TECHNOLOGY

FEATURES

= Supply Range:
5V to 100V, 105V Absolute Maximum (LTC6101HV)
4V to 60V, 70V Absolute Maximum (LTC6101)
Low Offset Voltage: 300pV Max
Fast Response: 1pus Response Time (0V to 2.5V on
a 5V Output Step)
Gain Configurable with 2 Resistors
Low Input Bias Current: 170nA Max
PSRR: 118dB Min
Output Current: TmA Max
Low Supply Current: 250pA, Vg = 12V
Specified Temperature Range: —40°C to 125°C
Operating Temperature Range: -55°C to 125°C
Low Profile (1Tmm) SOT-23 (ThinSOT™) Package

APPLICATIONS

Current Shunt Measurement
Battery Monitoring

Remote Sensing

Power Management

L7, LT LTC, LTM, Linear Technology and the Linear logo are registered trademarks and
ThinSOT is a trademark of Linear Technology Corporation. All other trademarks are the property
of their respective owners.

| E i \D LTIC6101/LTIC6101HV

High Voltuye,
High-Side Current Sense
Amplifier in SOT-23

DESCRIPTION

The LTC®6101/LTC6101HV are versatile, high voltage, high
side currentsense amplifiers. Design flexibility is provided
by the excellent device characteristics; 300pV Max offset
and only 375pA (typical at 60V) of current consumption.
The LTC6101 operates on supplies from 4V to 60V and
LTC6101HV operates on supplies from 5V to 100V.

The LTC6101 monitors current via the voltage across an
external sense resistor (shunt resistor). Internal circuitry
converts input voltage to output current, allowing for a
small sense signal on a high common mode voltage to
be translated into a ground referenced signal. Low DC
offset allows the use of a small shunt resistor and large
gain-setting resistors. As a result, power loss in the shunt
is reduced.

The wide operating supply range and high accuracy make
the LTC6101 ideal for a large array of applications from
automotive to industrial and power management. A maxi-
mum input sense voltage of 500mV allows a wide range
of currents to be monitored. The fast response makes the
LTC6101 the perfect choice for load current warnings and
shutoff protection control. With very low supply current,
the LTC6101 is suitable for power sensitive applications.

The LTC6101 is available in 5-lead SOT-23 and 8-lead
MSOP packages.

TYPICAL APPLICATION

16-Bit Resolution Unidirectional Qutput into LTG2433 ADC

ILoAD VSENSE |
—AAA
\AA4

£
Rin —_ 5V T0 105V
+IN 100Q | T

Step Response

ﬁ
A
s
< 1
=

il

- LTC6101HV l—l—

LTC2433-1
Rout
4.99k

Voewe | | [ ] |
I AVsgnsg = 100mV
f
5.5V Jouee
5V
[
1 v
- / Ry =100
Vour 7 Rour=>5k =
| ‘VSENSE =V
— /I /7 lour = 1004A
— 70 P SN T
0.5V 7 ¥ TNlour=0
— oV _/ |1

Rout
Vout = B Vsense = 49.9VsEnsE

500ns/DIV
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LTC6101/LTC6101HV

ABSOLUTE MAXIMUM RATINGS

(Note 1)

Total Supply Voltage (V* to V") LTC61011/LTC6101HVI..........c.coevvereee -40°C to 85°C
LTCOT0T o, 70V LTC6101H/LTC6101HVH ................... -55°C t0 125°C
LTCOT0THVY ... 105V Specified Temperature Range (Note 2)

Minimum Input Voltage (=IN Pin).................... (Vt —4V) LTC6101C/LTC6101HVC......coceeeere. 0°C to 70°C

Maximum QOutput Voltage (Out Pin)......ccccovvvrverrnnnee. Vv LTC61011/LTC610THVI ... -40°C to 85°C

INPUt CUITENt......ovceecce e, +10mA LTC6101H/LTC6101HVH ................... -40°C to 125°C

Output Short-Circuit Duration (to V7).............. Indefinite  Storage Temperature Range.................. —-65°C to 150°C

Operating Temperature Range Lead Temperature (Soldering, 10 sec) ................. 300°C
LTC6101C/LTC6101HVC.........ocveene. -40°C to 85°C

PIN CONFIGURATION

TOP VIEW TOP VIEW
-IN 10 :|8+I+N OUT1 [ [ |5Vt
e 50 6 i Ve
OUuT 4[] [15 V™ -IN3[] [ 144N
MS8 PACKAGE
o 190, 6 S0DT W Tﬁgg\%@?ﬁﬁéggggfw

ORDER INFORMATION

LEAD FREE FINISH TAPE AND REEL PART MARKING* | PACKAGE DESCRIPTION SPECIFIED TEMPERATURE RANGE

LTC6101ACMS8#PBF | LTC6101ACMS8#TRPBF | LTBSB 8-Lead Plastic MSOP 0°C to 70°C

LTC6101AIMS8#PBF LTC6101AIMS8#TRPBF LTBSB 8-Lead Plastic MSOP -40°C to 85°C

LTC6101AHMS8#PBF | LTC6101AHMS8#TRPBF | LTBSB 8-Lead Plastic MSOP -40°C to 125°C

LTC6101HVACMS8#PBF | LTC6101HVACMS8#TRPBF | LTBSX 8-Lead Plastic MSOP 0°C to 70°C

LTC6101HVAIMS8#PBF | LTC6101HVAIMS8#TRPBF | LTBSX 8-Lead Plastic MSOP -40°C to 85°C

LTC6101HVAHMS8#PBF | LTC6101HVAHMS8#TRPBF | LTBSX 8-Lead Plastic MSOP -40°C to 125°C

6101fth
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LTC6101/LTC6101HV

ORDER INFORMATION

Lead Free Finish

TAPE AND REEL (MINI) TAPE AND REEL PART MARKING* PACKAGE DESCRIPTION SPECIFIED TEMPERATURE RANGE
LTC6101ACS5#TRMPBF LTC6101ACS5#TRPBF LTBND 5-Lead Plastic TSOT-23 0°C to 70°C
LTC6101AIS5#TRMPBF LTC6101AIS5#TRPBF LTBND 5-Lead Plastic TSOT-23 -40°C to 85°C
LTC6101AHSS#TRMPBF LTC6101AHS5#TRPBF LTBND 5-Lead Plastic TSOT-23 -40°C to 125°C
LTC6101BCS5#TRMPBF LTC6101BCS5#TRPBF LTBND 5-Lead Plastic TSOT-23 0°Cto 70°C
LTC6101BISS#TRMPBF LTC6101BIS5#TRPBF LTBND 5-Lead Plastic TSOT-23 -40°C to 85°C
LTC6101BHS5#TRMPBF LTC6101BHS5#TRPBF LTBND 5-Lead Plastic TSOT-23 -40°C to 125°C
LTC6101CCS5#TRMPBF LTC6101CCS5#TRPBF LTBND 5-Lead Plastic TSOT-23 0°C to 70°C
LTC6101CIS5#TRMPBF LTC6101CIS5#TRPBF LTBND 5-Lead Plastic TSOT-23 -40°C to 85°C
LTC6101CHS5#TRMPBF LTC6101CHS5#TRPBF LTBND 5-Lead Plastic TSOT-23 -40°C to 125°C
LTC6101HVACSS5#TRMPBF | LTC6101HVACS5#TRPBF | LTBSZ 5-Lead Plastic TSOT-23 0°Cto 70°C
LTC6101HVAIS5#TRMPBF | LTC6101HVAIS5#TRPBF LTBSZ 5-Lead Plastic TSOT-23 -40°C to 85°C
LTC6101HVAHS5#TRMPBF | LTC6101HVAHS5#TRPBF | LTBSZ 5-Lead Plastic TSOT-23 -40°C to 125°C
LTC6101HVBCS5#TRMPBF | LTC6101HVBCS5#TRPBF | LTBSZ 5-Lead Plastic TSOT-23 0°C to 70°C
LTC6101HVBIS5#TRMPBF | LTC6101HVBIS5#TRPBF LTBSZ 5-Lead Plastic TSOT-23 -40°C to 85°C
LTC6101HVBHS5#TRMPBF | LTC6101HVBHS5#TRPBF | LTBSZ 5-Lead Plastic TSOT-23 -40°C to 125°C
LTC6101HVCCS5#TRMPBF | LTC6101HVCCS5#TRPBF | LTBSZ 5-Lead Plastic TSOT-23 0°C to 70°C
LTC6101HVCIS5#TRMPBF | LTC6101HVCIS5#TRPBF LTBSZ 5-Lead Plastic TSOT-23 -40°C to 85°C
LTC6101HVCHS5#TRMPBF | LTC6101HVCHS5#TRPBF | LTBSZ 5-Lead Plastic TSOT-23 -40°C to 125°C

TRM =500 pieces. *Temperature grades are identified by a label on the shipping container.

Consult LTC Marketing for parts specified with wider operating temperature ranges.

Consult LTC Marketing for information on lead based finish parts.

For more information on lead free part marking, go to: http://www.linear.com/leadfree/
For more information on tape and reel specifications, go to: http://www.linear.com/tapeandreel/
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LTC6101/LTC610THV
GLGCTGICHL CHHRHCTGBISTICS (LTC6101) The @ denotes the specifications which apply over the full

specified temperature range, otherwise specifications are at Ty = 25°C, Rjy = 100Q, Rgyr = 10k, Vsgyset = V* (see Figure 1 for
details), 4V < Vg < 60V unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vg Supply Voltage Range ) 4 60 V
Vos Input Offset Voltage Vsense = 5mV, Gain = 100, LTC6101A +85 +300 pv
Vsense = 5mV, Gain = 100, LTC6101AC, LTC6101Al ® +450 pv
Vsense = 5mV, Gain = 100, LTC6101AH o +535 pv
Vsense = 5mV, Gain = 100, LTC6101B +150 +450 pv
) +810 pv
Vsense = 5mV, Gain = 100, LTC6101C +400 800 pv
) 1200 pv
AVog/AT Input Offset Voltage Drift Vsense = 5mV, LTC6101A ° +1 uv/°c
Vsense = 5mV, LTC6101B L +3 uv/°c
Vsense = 5mV, LTC6101C ° +5 uv/°c
Ig Input Bias Current Rn=1M 100 170 nA
® 245 nA
los Input Offset Current Rn=1M ) +2 +15 nA
Vsensgmax) | Input Sense Voltage Full Scale | Vog within Specification, Ryy = 1k (Note 3) ) 500 mV
PSRR Power Supply Rejection Ratio Vg =6V to 60V, Vgense = 5mV, Gain = 100 118 140 dB
) 115 dB
Vg =4V 1o 60V, Vgense = 5mV, Gain = 100 110 133 dB
) 105 aB
Vour Maximum Output Voltage 12V < Vg < 60V, Vgense = 88mV ) 8 V
Vg = 6V, Vgense = 330mV, Ryy = 1k, Royt = 10k ® 3 V
Vg = 4V, Vgense = 550mV, Ryy = 1k, Royt = 2k L 1 V
Vour (o) Minimum Output Voltage Vsense = 0V, Gain = 100, LTC6101A 0 30 mV
Vsense = 0V, Gain = 100, LTC6101AC, LTC6101Al ° 45 mV
Vsense = 0V, Gain = 100, LTC6101AH L 53.5 mV
Vsense = 0V, Gain = 100, LTC6101B 0 45 mV
° 81 mV
Vsense = 0V, Gain = 100, LTC6101C 0 150 mV
) 250 mV
lour Maximum Output Current 6V < Vs <60V, Royr = 2k, Vsense = 110mV, Gain = 20 ° 1 mA
Vg = 4V, Vgense = 550mVY, Gain = 2, Royt = 2k ® 0.5 mA
tr Input Step Response AVgeyse = 100mV Transient, 6V < Vg < 60V, Gain = 50 1 Hs
(to 2.5V on a 5V Output Step) | Vg =4V 1.5 Us
BW Signal Bandwidth louT = 200pA, Ry = 100, Royr = 5k 140 kHz
lout = 1TmA, Ry =100, Royt = 5k 200 kHz
ls Supply Current Vs =4V loyr =0, Ry =1M 220 450 HA
) 475 HA
Vg =6V loyr=0, Rjy=1M 240 475 HA
) 525 HA
Vg =12V gyt =0, Rjy=1M 250 500 HA
) 590 HA
Vg =60V, loy7 =0, Riy=1M 375 640 HA

LTC6101Al, LTC6101AC, LTC6101BlI, LTC6101BC,
LTC6101Cl, LTC6101CC ° 690 HA
LTC6101AH, LTC6101BH, LTC6101CH ® 720 pA
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LTC6101/LTC6101HV
ELECTRICAL CHARACTERISTICS (11c6101HY) The o denotes the specifications which apply over the full

specified temperature range, otherwise specifications are at Ty = 25°C, Ryy = 100Q, Rgyr = 10k, Vggnset = V* (see Figure 1 for
details), 5V < Vg < 100V unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vg Supply Voltage Range ° 5 100 v
Vos Input Offset Voltage Vsense = 5mV, Gain = 100, LTC6101HVA +85 +300 pv
Vsense = 5mV, Gain = 100, LTC6101HVAC, LTC6101HVAI | @ +450 pv
Vsense = 5mV, Gain = 100, LTC6101HVAH ® +535 uv
Vsense = 5mV, Gain = 100, LTC6101HVB +150 +450 %
o +810 uv
Vsense = 5mV, Gain = 100, LTC6101HVC +400 800 uv
° 1200 pv
AVog/AT Input Offset Voltage Drift Vsense = 5mV, LTC6101HVA ° +1 pv/ec
Vsense = 5mV, LTC6101HVB o +3 pv/ec
Vsense = 5mV, LTC6101HVC ® +9 pv/ec
I Input Bias Current Rn=1M 100 170 nA
° 245 nA
los Input Offset Current Rn=1M ) £2 +15 nA
Vsensegvax) | Input Sense Voltage Full Scale | Vg within Specification, Ry = 1k (Note 3) ) 500 mV
PSRR Power Supply Rejection Ratio Vg =6V to 100V, Vsense = 5mV, Gain = 100 118 140 aB
o 115 dB
Vg =5V 1o 100V, Vgense = 5mV, Gain = 100 110 133 dB
° 105 dB
Vout Maximum Output Voltage 12V < Vg <100V, Vsense = 88mV o 8 Y
Vg =5V, Vgense = 330mV, Ryy = 1k, Royt = 10k L] 3 \
Vour (0) Minimum Output Voltage Vsense = 0V, Gain = 100, LTC6101HVA 0 30 mV
Vsense = 0V, Gain = 100, LTC6101HVAC, LTC6101HVAI ] 45 mV
Vsense = 0V, Gain = 100, LTC6101HVAH ® 53.5 mV
Vsense = 0V, Gain = 100, LTC6101HVB 0 45 mV
o 81 mV
Vsense = 0V, Gain = 100, LTC6101HVC 0 150 mV
° 250 mV
lour Maximum Output Current 5V < Vg <100V, Royt = 2k, Vsense = 110mY, Gain=20 | @ 1 mA
tr Input Step Response AVsense = 100mV Transient, 6V < Vg < 100V, Gain = 50 1 us
(to 2.5V ona 5V Output Step)  |Vg=5V 1.5 us
BW Signal Bandwidth louT = 200pA, Ryy = 100, Royr = 5k 140 kHz
lout = 1TmMA, Ry = 100, Royt = 5k 200 kHz
Is Supply Current Vg =5V lgyr=0, Ry=1M 200 450 pA
o 475 pA
Vg =6V loyr=0, Rjy=1M 220 475 PA
o 525 HA
Vg =12V lgyt =0, Ry =1M 230 500 HA
° 590 pA
Vg =60V, lgy7 =0, Ry=1M 350 640 HA
LTC6101HVI, LTC6101HVC ° 690 HA
LTC6101HVH o 720 pA
Vg =100V, gyt =0, Ry=1M 350 640 HA

LTC6101HVAL, LTC6101HVAGC, LTC6101HVBI,
LTC6101HVBC, LTC6101HVCI, LTC6101HVCC ° 690 HA
LTC6101HVAH, LTC6101HVBH, LTC6101HVCH ® 720 pA
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LTC6101/LTC6101HV

ELECTRICAL CHARACTERISTICS

Note 1: Stresses beyond those listed under Absolute Maximum Ratings
may cause permanent damage to the device. Exposure to any Absolute
Maximum Rating condition for extended periods may affect device

reliability and lifetime.

Note 2: The LTC6101C/LTC6101HVC are guaranteed to meet specified
performance from 0°C to 70°C. The LTC6101C/LTC6101HVC are designed,

characterized and expected to meet specified performance from —40°C to
85°C but are not tested or QA sampled at these temperatures. LTC61011/
LTC6101HVI are guaranteed to meet specified performance from —-40°C

to 85°C. The LTC6101H/LTC6101HVH are guaranteed to meet specified

performance from —40°C to 125°C.
Note 3: Ryt = 10k for 6V < Vg < 100V, Royt = 2k for Vg = 4\

TYPICAL PERFORMANCE CHARACTERISTICS

Input Vgg vs Temperature

800 REPRESENTATIVE
600 === — UNITS
400 T
Z 200 = —
B o
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LTC6101/LTC6101HV

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC6101/LTC6101HV

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC6101/LTC6101HV

PIN FUNCTIONS

OUT: Current Output. OUT will source a current that is
proportional to the sense voltage into an external resistor.

V~: Negative Supply (or Ground for Single-Supply
Operation).

-IN: Theinternal sense amplifier will drive IN™ to the same
potential as IN*. A resistor (Ryy) tied from V* to IN™ sets
the output current lgyt=Vsense/Rin- Vsense is the voltage
developed across the external Rgeyse (Figure 1).

+IN: Must be tied to the system load end of the sense
resistor, either directly or through a resistor.

V*: Positive Supply Pin. Supply current is drawn through
this pin. The circuit may be configured so that the
LTC6101 supply current is or is not monitored along
with the system load current. To monitor only system
load current, connect V* to the more positive side of the
sense resistor. To monitor the total current, including the
LTC6101 current, connect V* to the more negative side
of the sense resistor.

BLOCK DINGRAM
ILoAD _ Vsense +
£47 "';zgszE ri¥+ VBATTERY
Rin L
10V
L ’1
0
HHHe—
-IN 5k _\

+IN 5k i I
A

TLTCG1 01/LTC6101HV

lout R
out
Vour = VSENSE X
0uT = VSENSEX T

Rout

10V

6101 BD

Figure 1. LTC6101/LTC6101HV Block Diagram and Typical Connection

APPLICATIONS INFORMATION

The LTC6101 high side current sense amplifier (Figure 1)
provides accurate monitoring of current through a user-
selected sense resistor. The sense voltage is amplified by
a user-selected gain and level shifted from the positive
power supply to a ground-referred output. The output
signal is analog and may be used as is or processed with
an output filter.

Theory of Operation

An internal sense amplifier loop forces IN™ to have the
same potential as IN*. Connecting an external resis-

tor, Ry, between IN~ and V* forces a potential across
Ry that is the same as the sense voltage across
Rsense. A corresponding current, Vsense/Riy, will
flow through Ryy. The high impedance inputs of the
sense amplifier will not conduct this input current,
soitwillflowthroughaninternal MOSFET to the output pin.

The output current can be transformed into a voltage by
adding a resistor from OUT to V=. The output voltage is
then Vg =V~ + gyt * Rourt-

6101fth
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LTC6101/LTC6101HV

APPLICATIONS INFORMATION

Useful Gain Configurations

Gain Rin Rour | Vsense at Vour =5V | lgyr at Voyr = 5V
20 499 10k 250mV 500pA

50 200 10k 100mV 500pA

100 100 10k 50mV 500pA

Selection of External Current Sense Resistor

The external sense resistor, Rsense, has a significant effect
on the function of a current sensing system and must be
chosen with care.

First, the power dissipation in the resistor should be
considered. The system load current will cause both heat
and voltage loss in Rgense. As a result, the sense resis-
tor should be as small as possible while still providing
the input dynamic range required by the measurement.
Note that input dynamic range is the difference between
the maximum input signal and the minimum accurately
reproduced signal, and is limited primarily by input DC
offset of the internal amplifier of the LTC6101. In addition,
Rsense must be smallenough that Vgeyse does not exceed
the maximum inputvoltage specified by the LTC6101, even
under peak load conditions. As an example, an application
may require that the maximum sense voltage be 100mV.
If this application is expected to draw 2A at peak load,
Rsense should be no more than 50mQ.

Once the maximum Rggnse value is determined, the mini-
mum sense resistor value will be set by the resolution or
dynamic range required. The minimum signal that can be
accurately represented by this sense amp is limited by the
input offset. As an example, the LTC6101B has a typical
input offset of 150p\V. If the minimum current is 20mA, a
sense resistor of 7.5mQ will set Vggyge to 150pV. This is
the same value as the input offset. A larger sense resistor
will reduce the error due to offset by increasing the sense
voltage for a given load current.

Choosinga50mQ Rsense Will maximize the dynamic range
and provide a system that has 100mV across the sense
resistor at peak load (2A), while input offset causes an
error equivalent to only 3mA of load current.

Peak dissipation is 200mW. If a 5mQ sense resistor is
employed, then the effective current error is 30mA, while
the peak sense voltage is reduced to 10mV at 2A, dis-
sipating only 20mW.

The low offset and corresponding large dynamic range of
the LTC6101 make it more flexible than other solutions in
this respect. The 150pV typical offset gives 60dB of dy-
namic range for a sense voltage that is limited to 150mV
max, and over 70dB of dynamic range if the rated input
maximum of 500mV is allowed.

Sense Resistor Connection

Kelvin connection of the IN™ and IN* inputs to the sense
resistor should be used in all but the lowest power ap-
plications. Solder connections and PC board interconnec-
tions that carry high current can cause significant error
in measurement due to their relatively large resistances.
One 10mm x 10mm square trace of one-ounce copper
is approximately 0.om€. A 1mV error can be caused by
as little as 2A flowing through this small interconnect.
This will cause a 1% error in a 100mV signal. A 10A load
current in the same interconnect will cause a 5% error
for the same 100mV signal. By isolating the sense traces
from the high-current paths, this error can be reduced
by orders of magnitude. A sense resistor with integrated
Kelvin sense terminals will give the best results. Figure 2
illustrates the recommended method.

v+

Rin
Rsense

+IN mil

LOAD i -
s vt

LTC6101

J4

ouT

Vout
Rout

6101 F02

Figure 2. Kelvin Input Connection Preserves
Accuracy Despite Large Load Current
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LTC6101/LTC6101HV

APPLICATIONS INFORMATION

Selection of External Input Resistor, Rjy

The external input resistor, Ryy, controls the transconduc-
tance of the current sense circuit. Since lgyt=Vsense/Rin,
transconductance g, = 1/Ryy. For example, if Ryy = 100,
then loyut=Vsense/100 or lgyt=1mAfor Vgeyse=100mV.

Rin should be chosen to allow the required resolution
while limiting the output current. At low supply voltage,
loyut may be as much as 1mA. By setting R,y such that
the largest expected sense voltage gives lgyt=1mA, then
the maximum output dynamic range is available. Output
dynamic range is limited by both the maximum allowed
outputcurrentand the maximumallowed output voltage, as
wellas the minimum practical outputsignal. If less dynamic
range is required, then Ry can be increased accordingly,
reducing the max output current and power dissipation.
If low sense currents must be resolved accurately in a
system that has very wide dynamic range, a smaller Ry
than the max current spec allows may be used if the max
current is limited in another way, such as with a Schottky
diode across Rggyse (Figure 3a). This will reduce the high
currentmeasurementaccuracy by limiting the result, while
increasing the low current measurement resolution.

v+

Rsense Dsense

6101 FO3a

LOAD

Figure 3a. Shunt Diode Limits Maximum Input Voltage to Allow
Better Low Input Resolution Without Overranging

This approach can be helpful in cases where occasional
large burst currents may be ignored. It can also be used
in a multirange configuration where a low current circuit
is added to a high current circuit (Figure 3b). Note that
a comparator (LTC1540) is used to select the range, and
transistor M1 limits the voltage across Rsense o-

Care should be taken when designing the board layout
for Ryy, especially for small Ryy values. All trace and inter-
connect impedances will increase the effective Ry value,
causing a gain error. In addition, internal device resistance
will add approximately 0.2€2 to Ry.

CMPZ4697 .. gv TO ”
— \N—9
10k
4 \m 3
Si4465 Vin
ILoAD ‘ RS%SE H - 8 Q1
m
VOUT‘_"—RW\'_' 1 YD 5 CMPT5551
> SENSE LO > . 6
S 301 100m 301 £ 301 301 *— VW
L 4.7k
+IN —IN +IN —IN 1.74M Te1540
- €—|7_ HIGH =
v v Vin v \ v i RANGE
619k L INDICATOR
s - (ILoap > 1.2A)

ﬁ

LTC6101

T4
<<

out LTC6101

ouT

HIGH CURRENT RANGE OUT

250mV/A

7.5k

% LY_, Vioeic
e

BAT54C

LOW CURRENT RANGE OUT

< R
> N5
‘i7.5k
L 0<I0ap <10A

>
>

2.5V/A

(VLOGIC +5V) < Vg 60V

6101 FO3b

Figure 3b. Dual LTC6101s Allow High-Low Current Ranging
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LTC6101/LTC6101HV

APPLICATIONS INFORMATION

Selection of External Qutput Resistor, Ryt

The output resistor, Royt, determines how the output cur-
rent is converted to voltage. Voyt is simply lgyt* Rour.

In choosing an output resistor, the max output voltage
must first be considered. If the circuit that is driven by
the output does not limit the output voltage, then Royrt
must be chosen such that the max output voltage does
not exceed the LTC6101 max output voltage rating. If the
following circuitis abuffer or ADC with limited input range,
then Royr must be chosen so that loyr(max) ® Rout is less
than the allowed maximum input range of this circuit.

Inaddition, the outputimpedance is determined by Rgyr. If
the circuit to be driven has high enough input impedance,
then almost any useful output impedance will be accept-
able. However, if the driven circuit has relatively low input
impedance, or draws spikes of current, such as an ADC
mightdo, thenalower Royt value may be required in order
to preserve the accuracy of the output. As an example, if
theinputimpedance ofthe driven circuitis 100times Royr,
then the accuracy of Vgyt will be reduced by 1% since:

Rout *Rinriven)

Rout +Rinoriven)

100
=lout *Rour *=57=0-99lour *Rour

Vour =lout ®

Error Sources

The current sense system uses an amplifier and resistors
to apply gain and level shift the result. The output is then
dependent on the characteristics of the amplifier, such as
gain and input offset, as well as resistor matching.

|deally, the circuit output is:

R
_ ouT
Vour =Vsense R

IN

;Vsense =Rsense *lsense

In this case, the only error is due to resistor mismatch,
which provides an error in gain only. However, offset
voltage, bias current and finite gain in the amplifier cause
additional errors:

Output Error, Eqyr, Due to the Amplifier DC Offset
Voltage, Vs

Eout(vos) = Vos * (Rout/Rin)
The DC offset voltage of the amplifier adds directly to the
value of the sense voltage, Vsgyse. This is the dominant
error of the system and it limits the available dynamic
range. The paragraph “Selection of External Current Sense
Resistor” provides details.

Output Error, Eqyr, Due to the Bias Currents,

|B(+) and IB(_)

The bias current Ig(+) flows into the positive input of the
internal op amp. Ig(-) flows into the negative input.

Eout(sias) = Rout((ls(+) * (Rsense/Rin) — 1s(=))
Since |B(+) = ||3(—) = |B|AS’ if RSENSE << Ryy then,

Eoutsias) = —Rour * Isias

For instance if Ig|ag is 100nA and Rqyt is 1k, the output
error is 0.1mV.

Note that in applications where Rsgnse = R, 1g(+) causes
a voltage offset in Rggnse that cancels the error due to
Ig(-) and Equr(ias) = 0. In applications where Rsense <
Rin, the bias current error can be similarly reduced if an
external resistor Ryy(+) = (Riy — Rsensg) is connected as
shown in Figure 4 below. Under both conditions:

Eout(sias) = = Rout ® los; los = Is(+) — Is(-)

V+

|

Rin~

Rsense

R +
A4
LOAD u -
v vt

LTC6101

ouT

Vour
Rout

6101 FO4

J4

= Ri'"=Riv -Rsense

Figure 4. Second Input R Minimizes

Error Due to Input Bias Current
6101fh
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LTC6101/LTC6101HV

APPLICATIONS INFORMATION

If the offset current, lpg, of the LTC6101 amplifier is 2nA,
the 100 microvolt error above is reduced to 2 microvolts.
Adding Ryy* as described will maximize the dynamic
range of the circuit. For less sensitive designs, Ryy* is
not necessary.

Example:

If an Isense range = (1A to 1mA) and (Vout/Isense) =
VAA

Then, from the Electrical Characteristics of the LTC6101,
Rsense = Vsense (max) / Isense (max) = 500mV/A1A =
500mQ

Gain = Royr/Riy = Vour (max) / Vsense (max) =
3V/500mV =6

If the maximum output current, lgyt, is limited to TmA,
Rout equals 3V/1mA = 3.01 kQ (1% value) and Ry =
3kQ/6 ~ 499Q (1% value).

The output error due to DC offset is +900pVolts (typ) and
the error due to offset current, lgg is 3k x 2nA = +6pVolts
(typical), provided Rjy* = Ry~

The maximum outputerror cantherefore reach +906pVolts
or 0.03% (-70dB) of the output full scale. Considering
the system input 60dB dynamic range (Isgnysg = TmA to
1A), the 70dB performance of the LTC6101 makes this
application feasible.

Output Error, Egyr, Due to the Finite DC Open Loop
Gain, Ag,, of the LTC6101 Amplifier

This error is inconsequential as the Ag of the LTC6101
is very large.

Output Current Limitations Due to Power Dissipation

The LTC6101 can deliver up to 1mA continuous current to
the output pin. Thiscurrentflowsthrough Ryyand entersthe
current sense amp via the IN(=) pin. The power dissipated
in the LTC6101 due to the output signal is:

Pout = (V=in = Vour) * lout

Since Vyy = V¥, Poyr = (V* = Vour) * lour
There is also power dissipated due to the quiescent sup-
ply current:

PQ = |DD°V+

The total power dissipated is the output dissipation plus
the quiescent dissipation:

ProtaL = Pout + Pa

At maximum supply and maximum output current, the
total power dissipation can exceed 100mW. This will
cause significant heating of the LTC6101 die. In order to
prevent damage to the LTC6101, the maximum expected
dissipation in each application should be calculated. This
number can be multiplied by the 6 value listed in the
package section on page 2 to find the maximum expected
dietemperature. This must notbe allowed to exceed 150°C,
or performance may be degraded.

As an example, if an LTC6101 in the S5 package is to be
run at 55V £5V supply with 1mA output current at 80°C:

PO(MAX) = |DD(I\/IAX) . V+(MAX) =41.4mW
Pout(max) = lout * V¥(max) = 60mW
TRISE = O4a * PTOTAL(MAX)

Thmax = TamBIENT + TRiSE

Tyax must be < 150°C

ProTaL(max) = 96mW and the max die temp
will be 104°C

If this same circuit must run at 125°C, the max die
temp will increase to 150°C. (Note that supply current,
and therefore Pq, is proportional to temperature. Refer
to Typical Performance Characteristics section.) In this
condition, the maximum output current should be reduced
to avoid device damage. Note that the MSOP package
has a larger 6, than the S5, so additional care must be
taken when operating the LTC6101A/LTC6101HVA at high
temperatures and high output currents.

The LTC6101HV can be used at voltages up to 105V, This
additional voltage requires that more power be dissipated
foragivenlevel of current. This will further limit the allowed
output current at high ambient temperatures.

Itisimportant to note that the LTC6101 has been designed
to provide at least 1TmA to the output when required, and
can deliver more depending on the conditions. Care must
be taken to limit the maximum output current by proper
choice of sense resistor and, if input fault conditions exist,

external clamps.
6101fh
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LTC6101/LTC6101HV

APPLICATIONS INFORMATION

Output Filtering

The output voltage, Voyr, is simply loyt ® Zoyt. This
makes filtering straightforward. Any circuit may be used
which generates the required ZgyT to get the desired filter
response. For example, a capacitor in parallel with Royt
will give a low pass response. This will reduce unwanted
noise from the output, and may also be useful as a charge
reservoir to keep the output steady while driving a switch-
ing circuit such as a mux or ADC. This output capacitor
in parallel with an output resistor will create a pole in the
output response at:

1
2¢m*Royr *Cour

f—SdB =

Useful Equations

Input Voltage: Vsense =lsense *Rsense
Vour__Rour
SENSE RN
lour_ Rsense
Isense  Rin

Voltage Gain:

Current Gain:

| 1
Transconductance: —UT -~

Vsense  Rin

Vour _p Rour
=Rsense

lsEnsE Rin

Transimpedance:

Input Common Mode Range

The inputs of the LTC6101 can function from 1.5V below
the positive supply to 0.5V above it. Not only does this
allow a wide Vggyse range, it also allows the input refer-
ence to be separate from the positive supply (Figure 5).
Note that the difference between Vgarrand V* must be no
more than the common mode range listed in the Electrical
Characteristics table. If the maximum Vggysk is less than
500m\, the LTC6101 may monitor its own supply current,
as well as that of the load (Figure 6).

VBATTERY

v
Rin
Rsense

+IN -IN

LOAD u - v
AN /1T
| ||—<

I—’r

I L_jout
LTC6101

Vout
Rout

6101 FO5

Figure 5. V* Powered Separately from
Load Supply (Vgarr)

V+

Rin
Rsense

+IN —IN

Y

LTC6101

LOAD v

J4

ouT
Vout
Rout

6101 FOB

Figure 6. LTC6101 Supply Current
Monitored with Load
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LTC6101/LTC6101HV

APPLICATIONS INFORMATION

Reverse Supply Protection

Some applications may be tested with reverse-polarity
supplies due to an expectation of this type of fault during
operation. The LTC6101 is not protected internally from
external reversal of supply polarity. To prevent damage that
may occur during this condition, a Schottky diode should
be added in series with V= (Figure 7). This will limit the
reverse current through the LTC6101. Note that this diode
will limit the low voltage performance of the LTC6101 by
effectively reducing the supply voltage to the part by Vp.

Inaddition, if the output of the LTC6101 is wired to a device
that will effectively shortitto high voltage (such as through
an ESD protection clamp) during a reverse supply condi-
tion, the LTC6101’s output should be connected through
a resistor or Schottky diode (Figure 8).

Response Time

The LTC6101 is designed to exhibit fast response to inputs
forthe purpose of circuit protection or signal transmission.
This response time will be affected by the external circuit
in two ways, delay and speed.

Rsense

NN ! ¢
R
4N iy <100
L s §+ —7 vt
0
A <
D —e — VBatt
[N
LTC6101 |_|— ot
V D1 R2
| > 4,99

o
e I e 6101 FO7

Figure 7. Schottky Prevents Damage During Supply Reversal

If the output current is very low and an input transient
occurs, there may be anincreased delay before the output
voltage begins changing. This can beimproved by increas-
ing the minimum output current, either by increasing
Rsense or decreasing Ryy. The effect of increased output
current is illustrated in the step response curves in the
Typical Performance Characteristics section of this data
sheet. Note that the curves are labeled with respect to the
initial output currents.

The speed is also affected by the external circuit. In this
case, if the input changes very quickly, the internal ampli-
fier will slew the gate of the internal output FET (Figure
1) in order to maintain the internal loop. This results in
current flowing through Ry and the internal FET. This
current slew rate will be determined by the amplifier and
FET characteristics as well as the input resistor, Ryy. Us-
ing a smaller Ryy will allow the output current to increase
more quickly, decreasing the response time at the output.
This will also have the effect of increasing the maximum
output current. Using a larger Royt will decrease the re-
sponse time, since Vout = loyT ® RoyT. Reducing Ry and
increasing Ryt will both have the effect of increasing the
voltage gain of the circuit.

Rsense

MV ¢
é? M — VBaTT
Ly 100
s

e
=
LTC6101 |—|—

A A
! 6101 FO8

Figure 8. Additional Resistor R3 Protects
Output During Supply Reversal
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LTC6101/LTC6101HV

TYPICAL APPLICATIONS

Bidirectional Current Sense Circuit with Separate Charge/Discharge Output

IDISCHARGE
-

Rsense

ICHARGE
—_—

-| CHARGER I

RiND
100

+IN

%ch
100

<

+IN

=y
20 B

H

7 Jour

Routp
4,99k

LTC6101

Vourp Vourte

R

LTC6101

¢
<«
our|

Routc
4.99k

Rout D
DISCHARGING: VouT p = IDISCHARGE * RSENSE (m WHEN IpiscHARGE 2 0

Routc
Rinc

CHARGING: Vout ¢ = IcHARGE * RSENSE ( ) WHEN IgHaRGE > 0

LTC6101 Monitors Its Own Supply Current

M RsEnsE

AVVV

<R1 llsuppw
AN iy 3100
L
0 _
A v \t -/ vt
D .
— VgarT

LTC6101 +

Vout

¢

—p

M Jour
R2

4.99k

6101 TAO3

J;_ @

Vour = 49.9 * Rsense (lLOAD +IsuppLy,

-

6101 TAO2

High-Side-Input Transimpedance Amplifier
Vs

/-L CMPZ4697*
f (ov)
4.75k
+IN —IN

PHOTODIODE

LASER MONITOR {* | o

4.75k & 10k

'S \t -/ vt

¢
)
1 lour Vo

RL

LTC6101

= Vo =Ilpp*RL 6101 TAO4
*\lz SETS PHOTODIODE BIAS

Vz+4<Vg<Vz+60
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LTC6101/LTC6101HV

TYPICAL APPLICATIONS

16-Bit Resolution Unidirectional Qutput into LTC2433 ADC

ILoap _VsENSE
‘NV 4 _I_
%Rm — 4V T0 60V
41N -iN g 1002 | T
0 i
A
D
o
N
= LTC6101 1
4.99
— R
= Vour= FSILI:‘T-VSENSE=49A9VSENSE ADC FULL-SCALE = 2.5V  s101 706

Intelligent High-Side Switch with Current Monitor

10pF
Vioaic 63V 14v

]

47k =

FAULT

OFF|ON 4 LT1910 LTC6101 out Vo
2
I 100Q 4.99k
- I 1"
= = SUB85N06-5

Vp=49.9¢Rge I
' FoR Rg = 5mQ,
Vg = 2.5V AT I_= 10A (FULL SCALE)

- 6101 TAO7
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LTC6101/LTC6101HV

TYPICAL APPLICATIONS

48V Supply Current Monitor with Isolated Output with 105V Survivability

VSENSE IsEnsE
- E
Vs ? R‘Nv LOAD
RIN% SENSE
—IN +IN
+ — 4 -
V ; ; V v
o—i
—
_|
LTC6101HV
OUT viogic

N = OPTOISOLATOR CURRENT GAIN

RsEnse
*NeR
R ouT

IN

Vout = VLogIc - IsensE ®

6101 TAO8

Simple 500V Current Monitor

DANGER! Lethal Potentials Present — Use Caution

ISENSE VsEnse 500V
MV 4
RsENSE Rin
+IN -IN < 100Q

v €—|7+ = v DANGER!!

HIGH VOLTAGE!!

orXxOor

il
14

L/ 62V

A
LTC6101 A cvz59448
I g M1
[

Vout

M1 AND M2 ARE FQD3P50 TM

Rour
Vour =g, * VsENsE = 49.9 Vsense
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LTC6101/LTC6101HV

PACKAGE DESCRIPTION

Please refer to http://www.linear.com/designtools/packaging/ for the most recent package drawings.

MS8 Package
8-Lead Plastic MSOP
(Reference LTC DWG # 05-08-1660 Rev F)

0.889 + 0.127
(.035 + .005)
3.20-3.45
(126-.136)
LI:I IZIH] q] |
0.42 +0.038 0.65 (:118 +.004) 0.52
(0165 £ 0015)*‘ ‘« ~ (10256) (NOTE 3) =~ (0205)
TYP BSC REF
RECOMMENDED SOLDER PAD LAYOUT
3.00 £0.102
4.90 £0.152 300+0.102
“p Do 118 +.004
o5y  DETAILA (193 = 006) ( 16200 )
(:010) g 0°—6°TYP
GAUGE PLANE — Y — ¢
053+o 152
021 + 006) ﬂ %
. (.043) (.034)
DETAIL “A MAX REF
0.18 , T
(.007) /
I == N s
\ PLANE " 022-038 | | 4 0.1016+ 0.0508
(009-.015) o (.004 = 002)
T - < MSOP (MS8) 0307 REV F
. (.0256)
NOTE: BSe
1. DIMENSIONS IN MILLIMETER/(INCH)

2. DRAWING NOT TO SCALE
3. DIMENSION DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS.
MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.152mm (.006") PER SIDE
4. DIMENSION DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSIONS.
INTERLEAD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.152mm (.006") PER SIDE
5. LEAD COPLANARITY (BOTTOM OF LEADS AFTER FORMING) SHALL BE 0.102mm (.004") MAX

6101fth

LY N 19




LTC6101/LTC6101HV
PACKAGE DESCRIPTION

Please refer to http://www.linear.com/designtools/packaging/ for the most recent package drawings.

85 Package
5-Lead Plastic TSOT-23
(Reference LTC DWG # 05-08-1635)

0.62 0.95

2.90 BSC
MAX REF -
»‘ ‘47 N (NOTE 4)
-— |+ |12 ReF
150-1.75
3.85 MAX 2.62 REF + 1.4 MIN 2.80 BSC (NOTE 4) I I ———
|
l |

s H H PIN ONE |

RECOMMENDED SOLDER PAD LAYOUT
PER IPC CALCULATOR

0.30-0.45TYP

0.95 BSC J<—> > ‘ ‘ 5 PLCS (NOTE 3)

0.80 N 0.90 ‘

ﬁ 0.01-0.10
¢ 1.00+MAX + ¢

0.20 BSC

DATUM ‘A’ \

Sy T\ /1
t‘ -«— 0.30 - 0.50 REF T :F T

0.09-0.20 ‘4; 1.90 BSC —>

NOTE: (NOTE 3) S5 TSOT-23 0302 REV B
1. DIMENSIONS ARE IN MILLIMETERS

2. DRAWING NOT TO SCALE

3. DIMENSIONS ARE INCLUSIVE OF PLATING

4. DIMENSIONS ARE EXCLUSIVE OF MOLD FLASH AND METAL BURR

5. MOLD FLASH SHALL NOT EXCEED 0.254mm

6. JEDEC PACKAGE REFERENCE IS MO0-193

6101fth
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LTC6101/LTC6101HV

ﬂGVISIO" HISTOR" (Revision history begins at Rev H)

REV | DATE |DESCRIPTION PAGE NUMBER
H 03/12 | Updated Features 1
Updated Absolute Maximum Ratings and changed Order Information 2
Changed operating temperature range to specified temperature range in Electrical Characteristics header 4,5
Changed Ty value in curve GO2 from 45°C to 25°C 6
6101fh

Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
‘ ' LlnEAD However, no responsibility is assumed for its use. Linear Technology Corporation makes no representa-
TECHNOLOGY tion that the interconnection of its circuits as described herein will not infringe on existing patent rights.



LTC6101/LTC6101HV

TYPICAL APPLICATION

Bidirectional Current Sense Circuit with Combined Charge/Discharge Output

IDISCHARGE RSENSE ICHARGE
-| CHARGER I fN\’l
‘%Rm 0 Rinc
Rinp Rinc
+IN -IN -IN +IN
=v

s €_|-7 v v €—17 v T

0

A —e o

D [ “

LTC6101 T four - our| [ LTC6101
Vout < Rout
e R ; 6101 TAOS
DISCHARGING: Vout = |DISCHARGE'RSENSE( R&U[T] )WHEN IDiscHARGE = 0 -
R
CHARGING: Vour = IcHARGE * RSENSE ( R?NU; )WHEN IcHARGE 2 0
PART NUMBER DESCRIPTION COMMENTS
LT1636 Rail-to-Rail Input/Qutput, Micropower Op Amp Vo Extends 44V above Veg, 55pA Supply Current,
Shutdown Function

LT1637/LT1638/ Single/Dual/Quad, Rail-to-Rail, Micropower Op Amp Ve Extends 44V above Vgg, 0.4V/ps Slew Rate, >1MHz
LT1639 Bandwidth, <250pA Supply Current per Amplifier
LT1787/LT1787HV | Precision, Bidirectional, High Side Current Sense Amplifier |2.7V to 60V Qperation, 75pV Offset, 60uA Current Draw
LTG1921 Dual —48V Supply and Fuse Monitor +200V Transient Protection, Drives Three Optoisolators for Status
LT1990 High Voltage, Gain Selectable Difference Amplifier +250V Common Mode, Micropower, Pin Selectable Gain =1, 10
LT1991 Precision, Gain Selectable Difference Amplifier 2.7V to +18V, Micropower, Pin Selectable Gain =-13 to 14
LTC2050/LTC2051/ | Single/Dual/Quad Zero-Drift Op Amp 3V Offset, 30nV/°C Drift, Input Extends Down to V-
LTC2052
LTC4150 Coulomb Counter/Battery Gas Gauge Indicates Charge Quantity and Polarity
LT6100 Gain-Selectable High-Side Current Sense Amplifier 4.1V to 48V Operation, Pin-Selectable Gain: 10, 12.5, 20, 25, 40, 50V/V

6101fth

2 Linear Technology Corporation
1630 McCarthy Blvd., Milpitas, CA 95035-7417
(408) 432-1900 © FAX: (408) 434-0507 ® www.linearcom

LT 0312 REV H - PRINTED IN USA
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SILICON EPITAXIAL {Tr:electronics

PLANAR NPN TRANSISTOR Semelab Limited

MG6330, MG6330-

e TO-3P Plastic Package
e Complimentary PNP — MG9410
« Designed specifically for audio power amplifier applications

High Current audio bipolar with wide Safe Operating Area

ABSOLUTE MAXIMUM RATINGS (Tp = 25°C unless otherwise stated)

MG6330 MG6330-R
VCBO Collector — Base Voltage 230V 260V
VCEO Collector — Emitter Voltage 230V 260V
VEBO Emitter — Base Voltage 5V
I Continuous Collector Current 15A
IB Base Current 4A
PD Total Power Dissipation at Ta =25°C 200W
1) Maximum Junction Temperature 150°C
Tstg Storage Temperature Range -55 to +150°C

THERMAL PROPERTIES

Symbols | Parameters Min. |[Typ. |[Max. [Units
Rejc Thermal Resistance, Junction To Case 0.63 °C/W

Semelab Limited reserves the right to change test conditions, parameter limits and package dimensions without notice. il
Information furnished by Semelab is believed to be both accurate and reliable at the time of going to press. However (SEMELAB EE
Semelab assumes no responsibility for any errors or omissions discovered in its use. Semelab encourages customers to

verify that datasheets are current before placing orders.

A subsidiary of

TT electronics plc.
Semelab Limited Coventry Road, Lutterworth, Leicestershire, LE17 4JB Document Number 9116
Telephone +44 (0) 1455 556565 Fax +44 (0) 1455 552612 Email: sales@semelab-tt.com Website: http://www.semelab-tt.com Issue 2

Page 1of4



SILICON EPITAXIAL
PNP TRANSISTOR
MG6330, MG6330-R

Semelab Limited

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise stated)

Symbols Parameters Test Conditions Min. | Typ | Max. | Units
I Collector-Cut-Off C t MG6330 Vg =239Y 100 A
ollector-Cut- urren
€80 MG6330-R Vg = 260V H
lEBO Emitter-Cut-Off-Current VEg =5V 100 PA
Collector-Base Breakdown MG6330 230
V lc =25mA
(BRICEO Voltage C MG6330-R 260 v
v M Collector-Emitter Saturation | | _ 5p I = 0 5A
CE(sat) Voltage C B 2.0 V
heg Forward—current transfer Ic = 5A VeE =4V 70 140
ratio
DYNAMIC CHARACTERISTICS
fr Transition Frequency Ip=-2A Vg = 12V 60 MHz
CoB Output Capacitance Veg =10V f=1.0MHz 250 pF
Notes

Pulse Width < 300us, & < 2%t

|
Document Number 9116

Semelab Limited

Telephone +44 (0) 1455 556565

Coventry Road, Lutterworth, Leicestershire, LE17 4JB

Fax +44 (0) 1455 552612

Email: sales@semelab-tt.com

Website: http/Awww.semelab-tt.com

Issue 2
Page 2 of 4



SILICON EPITAXIAL
PNP TRANSISTOR
MG6330, MG6330-R

Semelab Limited

TYPICAL CHARACTERISTICS (T, = 25°C unless otherwise stated)

HFE wvs Collector Current Saturation Voltage vs Collector Current
MGB330-R T = 25°C MGB330-R T = 25°C
1000 10.0
>
100 :‘%’, 1.0 —
w 5 /
T —— Gain @ 4V 2 /
10 — : . oI/ SN S 01 ]
— Gain +125°C @ 4V E / Ve (sat) V
e (330N -25 C‘@)‘QV % / Vbe (sat) V
1 . . ? 00 :
0.01 0.1 1 10 0.1 1 10 100
Collector Current I (A) Collector Current (A)
Vee (V) vs Gain Ve(Sat) vs Base Current
MG6330-R T =25°C S MGEB330-RT,=25°C
1000.00
2.0
100.00 == <15
[ m— : —_— -
g g o . lc=5A
f-_ — | = 2 A — w—|C = 10A
10.00 . w
' = |c=5A =
e |C = 10A 0.5 = —
e [ = 15 A k
1.00 | 0.0
0.5 1.5 2.5 3.5 4.5 0 0.5 1 1.5 2
Collector-Emitter Voltage V¢ (V) Base Current (A)
SOA MG6330R TBE SOA MG6330
single pulse single pulse
10.00 S~ TN < 10.00 S NN
100 —— ——DC AN 5 100 ———— ——DC N
<C @]
Py ——100ms \‘ bl ——100ms \
- [5}
0.10 —— ——10ms @ 010 ——- 10ms
Q
| . |
0.01 ; 0.01 T
1.00 10.00 100.00 1000.00 1.00 10.00 100.00 1000.00
Collector Emitter Voltage (V) Collector -Emitter Voltage (V)

Semelab Limited

Telephone +44 (0) 1455 556565 Fax +44 (0) 1455 552612

Coventry Road, Lutterworth, Leicestershire, LE17 4JB
Email: sales@semelab-tt.com

Document Number 9116

Website: http/Awww.semelab-tt.com
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SILICON EPITAXIAL
PNP TRANSISTOR
MG6330, MG6330-R

Semelab Limited

TYPICAL CHARACTERISTICS CONTINUED (T = 25°C unless otherwise stated)

Frvslg Derating Curve
MGB6330-R typ MG6330-R
80 250.00
70
i /L S
— / \ c 150.00
N 40 2
T / \ ©
2 30 2. 100.00
L'I__ 20 ,/ \ 3
0 A \ 5 50.00
/ N )
0 2 000
a
0.1 1 10 0 50 100 150
le(A) Ambient Temperature (°C)
MECHANICAL DATA
Dimensions in mm (inches)
15,60 +0.20
13.60 +0.20 s __.M
03.20 -0.10 e60-000 1| 9 1.50 2003
I 2 D
| o
I\ 1
oo\ L 3
I
= ~| & = :
g dl ol g 2
“ b
2.00+n2n 1 i -
§ 00 0 20 é ]
wl g
1.00 +0.20 2 1,40 #1.20
] @
I N 08003
5.45TYP 5.45TYP
[5.45 0.30] ‘ | J ~ [5.45 +0.30]
R C E
TO3P
Pin1 — Base Pin2 — Collector Pin3 - Emitter

Semelab Limited

Coventry Road, Lutterworth, Leicestershire, LE17 4JB
Telephone +44 (0) 1455 556565 Fax +44 (0) 1455 552612

Email: sales@semelab-tt.com

Website: http/Awww.semelab-tt.com

Document Number 9116
Issue 2
Page 4 of 4



AAMOSPEC

COMPLEMENTARY SILICON PLASTIC
POWER TRANSISTORS
... designed for use in high-frequency drivers in audio amplifier applications.

FEATURES:

* Collector-Emitter Sustaining Volitage-

Veeopus = 120 V (Min) -MJE15028,MJE 15029
= 150V (Min) -MJE15030,MJE15031

* DC Curmrent Gain Specified to 8.0 Ampers

hFE = 40(Min) @ I =3.0 A
= 20(Min) @ Ic=4.0 A
* TO-220AB Compact Package

MAXIMUM RATINGS

NPN PNP

MJE15028 MJE15029
MJE15030 MJE15031

8.0 AMPERE
COMPLEMENTARY SILICON
POWER TRANSISTORS
120-150 Volts
50 Watts

y 4

TO-220

Characteristic Symbol | MJE15028 | MJE15030 | Unit
MJE15029 | MJE15031
Collector-Emitter Voltage Veeo 120 150 \Y
Collector-Base Voltage Vego 120 150 \Y
Emitter-Base Voltage Veso 5.0 \'}
Collector Current - Continuous le 8.0 A
- Peak 16
Base Current I 2.0 A
Total Power Dissipation@T, = 25°C Pp 50 w
Derate above 25°C 0.4 wrec
Operating and Storage Junction T .Tsre °c
Temperature Range -65 to #150
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance Junction to Case Rejc 250 °cw

FIGURE -1 POWER DERATING

888468

25
%

—

Pp . POWER DISSIPATION(WATTS)

o o O

0 25

50 7%

100 125 150

Tc . TEMPERATURE(® C)

e ]

H»HFL

PIN 1.BASE
2.COLLECTOR

mr— —-131‘—
>—”T

-

Z[I:L

4.COLLECTOR(CASE})

MILLIMETERS
MIN MAX

1468 | 15.31
9.78 | 1042
501 652

g
<

OZrxc—-IOT"MOO®W>
-—
—
N
-
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MJE15028, MJE15030 NPN / MJE15029, MJE15031 PNP

NEPPIISSRRINNNNNNNN__— S S S SS
ELECTRICAL CHARACTERISTICS ( T, = 25°C unless otherwise noted )

Characteristic Symbol Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Sustaining Volitage(1) Vceosus) \"
(lc=10mA,ig=0) MJE15028,MJE 15029 120
MJE15030,MJE15031 150
Collector Cutoff Current lego mA
(Veg=120V,15=0) MJE 15028,MJE 15028 0.1
(Vg =150V, Ig=0) MJE 15030,MJE 15031 0.1
Collector Cutoff Current leso uA
(Vep=120V, Ig=0) MJE 15028, MJE 15028 10
(Veg =150V, Iz =0) MJE15030,MJE 15031 10
Emitter Cutoff Current leso uA
(Vgg=5.0V,1,=0) 10

ON CHARACTERISTICS (1)

DC Current Gain hFE
(le=0.1A,V,=20V)
(e=20A,V,=20V)
(lc=3.0A,V,=20V)
(lc=40AV,=20V)

o883

Collector-Emitter Saturation Voitage Veesat \'
(lc=1.0A1g=01A) 0.5

Base-Emitter On Voltage ' VeE(on) \'
(lc=1.0A, Vg =2.0V) 1.0

DYNAMIC CHARACTERISTICS

Current-Gain-Bandwidth Product (2) fr MHz
(1c=05A, V=10V, f=10MHz) 30

(1) Pulse Test: Pulse width =300 us , Duty Cycle < 2.0%
@f= || e



MJE15028, MJE15030 NPN /MJE15029, MJE15031 PNP
[ SRR P e SR R R R R e e e e

FiG-2 ACTIVE REGION SAFE OPERATING AREA

20
1 o ) - ] There are two limitation on the power handling ability
oous of a transistor:average junction temperature and second
T 50 — G breakdown safe operating area curves indicate lc-Vee
< .0 AN | I~ limits of the transistor that must be observed for reliable
£ ° o N ) ration i.e., the transistor must not be sub-jected
g . L operation i.e., the transistor must n sub-j to
x T = greater dissipation than curves indicate.
é 05 K The data of Fig-2 and Fig-3 is base on T ypig=150 °C;T¢ is
'{05 02 J N variable depending on conditions. second breakdown pulse
ool I N limits are wvalid for duty cycles to 10% provided
R =p— o M = MJE15028] Tupos150°C At high case temperatures, thermal limita -
g 008 . — — Thermaly Limit —— MIE15029 1S tion will reduce the power that can be handled to values
002 — Tc=25C{(Single Puise) MJE15030 = less than the limitations imposed by second breakdown.
‘ ] ] i [ | ‘ || MJE15031
0.01 Lot
2 5 10 20 50 120150
VCE , COLLECTOR EMITTER VOLTAGE (VOLTS)
FIG-3 REVERSE BIASE SAFE OPERATING AREA FIG-4 CAPACITANCES
8 1k
T G (NPN)
- \\ 50 S G PNP)
o
g ° g
L \\ i 200 :
w 5 o ™~
£ \ \ : ™ T Coo (PNP)
3 ¢ AN 5 100
° [ T < -
o Te=25°C % =
& ° N Vazem=@V °c w ~—
3 \ N Been ¢ ConlNPN)——
d 2
8 Y5V
§ - 8 20
15V
~Jov 10
0 00 10 120 130 40 150 15 20 50 10 20 50 100 150
Vee . COLLECTOR EMITTER (VOLTS) Vr,REVERSE VOLTAGE(VOLTS)
FIG-5 SMALL-SIGNAL CURRENT GAIN FIG-6 CURRENT GAIN- BANDWIDTH PRODUCT
100 .
100 | ]
90 PNPI
z g 80
[T
§ 50 E’ 70 ] NPN
& g LT
£ Y e e N
o g 5 \
2 \ PNP g
z z
® Vee=10V NPN N g 0
g 1c=05A 2 30
o 10 128 N E 20 \
y \N -
£ N £ 10 \
50 3
s m 55 TR T 01 02 05 10 20 50 1

{, FREQUENCY (kHz) IC, COLLECTOR CURRENT (AMP)



hrz . DC CURRENT GAIN

V VOLTAGE (VOLTS)

NPN- MJE15028, MJE15030

MJE15028, MJE15030 NPN / MJE15029, MJE15031 PNP

FIG-7 DC CURRENT GAIN
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ANALOG
DEVICES

Precision Micropower,

Low Dropout Voltage References

REF19x Series

FEATURES

Temperature coefficient: 5 ppm/°C maximum
High output current: 30 mA

Low supply current: 45 pA maximum

Initial accuracy: +2 mV maximum'

Sleep mode: 15 pA maximum

Low dropout voltage

Load regulation: 4 ppm/mA

Line regulation: 4 ppm/V

Short-circuit protection

APPLICATIONS

Portable instruments

ADCs and DACs

Smart sensors

Solar powered applications
Loop-current-powered instruments

GENERAL DESCRIPTION

The REF19x series precision band gap voltage references use a
patented temperature drift curvature correction circuit and
laser trimming of highly stable, thin-film resistors to achieve a
very low temperature coefficient and high initial accuracy.

The REF19x series is made up of micropower, low dropout
voltage (LDV) devices, providing stable output voltage from
supplies as low as 100 mV above the output voltage and
consuming less than 45 pA of supply current. In sleep mode,
which is enabled by applying a low TTL or CMOS level to the
SLEEP pin, the output is turned off and supply current is
further reduced to less than 15 pA.

The REF19x series references are specified over the extended
industrial temperature range (-40°C to +85°C) with typical
performance specifications over —40°C to +125°C for
applications, such as automotive.

All electrical grades are available in an 8-lead SOIC package; the
PDIP and TSSOP packages are available only in the lowest
electrical grade.

Rev.L

Information furnished by Analog Devices is believed to be accurate and reliable. However, no
responsibility is assumed by Analog Devices for its use, nor for any infringements of patents or other
rights of third parties that may result fromits use. Specifications subject to change without notice. No
license is granted by implication or otherwise under any patent or patent rights of Analog Devices.
Trad rks and regi tradk ks are the property of their respective owners.

TEST PINS

Test Pin 1 and Test Pin 5 are reserved for in-package Zener zap.
To achieve the highest level of accuracy at the output, the Zener
zapping technique is used to trim the output voltage. Because
each unit may require a different amount of adjustment, the
resistance value at the test pins varies widely from pin to pin
and from part to part. The user should leave Pin 1 and Pin 5
unconnected.

TPL] REF19x [&INC
Vsl2| SERIES [ZINC
SLEEP [3]| topviEw |6]OUTPUT
GND [ 4] (Not to Scale) [ 5] TP
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Table 1. Nominal Output Voltage

Part Number Nominal Output Voltage (V)
REF191 2.048

REF192 2.50

REF193 3.00

REF194 4.50

REF195 5.00

REF196 3.30

REF198 4.096

! Initial accuracy does not include shift due to solder heat effect (see the
Applications Information section).
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REF19x Series

SPECIFICATIONS

ELECTRICAL CHARACTERISTICS—REF191 @ Ta = 25°C
@ Vs =3.3V, Ta=25°C, unless otherwise noted.

Table 2.
Parameter Symbol Condition Min Typ Max Unit
INITIAL ACCURACY' Vo
E Grade lour=0mA 2.046 2.048 2.050 \
F Grade 2.043 2.053 \%
G Grade 2.038 2.058 \Y
LINE REGULATION? AVo/AViN
E Grade 30V<Vs< 15V, lour=0mA 2 4 ppm/V
F and G Grades 4 8 ppm/V
LOAD REGULATION? AVo/AVioap
E Grade Vs=5.0V,0 mA < lour < 30 mA 4 10 ppm/mA
F and G Grades 6 15 ppm/mA
DROPOUT VOLTAGE Vs —Vo Vs=3.0V, lioao =2 mA 0.95 \%
Vs=3.3V, loao =10 mA 1.25 \'
Vs=3.6V, loao =30 mA 1.55 Vv
LONG-TERM STABILITY? DVo 1000 hours @ 125°C 1.2 mV
NOISE VOLTAGE en 0.1 Hzto 10 Hz 20 uV p-p

"Initial accuracy does not include shift due to solder heat effect (see the Applications Information section).
2 Line and load regulation specifications include the effect of self-heating.

3 Long-term stability specification is noncumulative. The drift in subsequent 1000-hour periods is significantly lower than in the first 1000-hour period.
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REF19x Series

ELECTRICAL CHARACTERISTICS—REF191 @ —40°C < +85°C

@ Vs =3.3V,-40°C < Ta < +85°C, unless otherwise noted.

Table 3.
Parameter Symbol Condition Min Typ Max Unit
TEMPERATURE COEFFICIENT'- 2 TCVo/°C
E Grade lour=0mA 2 5 ppm/°C
F Grade 5 10 ppm/°C
G Grade? 10 25 ppm/°C
LINE REGULATION* AVo/AVin
E Grade 30V<Vs< 15V, lour=0mA 5 10 ppm/V
F and G Grades 10 20 ppm/V
LOAD REGULATION* AVo/AVioap
E Grade Vs=5.0V,0mA < lour <25 mA 5 15 ppm/mA
F and G Grades 10 20 ppm/mA
DROPOUT VOLTAGE Vs —Vo Vs=3.0V, lioao =2 mA 0.95 \%
Vs=3.3V, loao =10 mA 1.25 \'
Vs=3.6V, loao =25 mA 1.55 \Y
SLEEP PIN
Logic High Input Voltage Vi 24 Vv
Logic High Input Current I -8 MA
Logic Low Input Voltage \' 0.8 Vv
Logic Low Input Current I -8 MA
SUPPLY CURRENT No load 45 HA
Sleep Mode No load 15 MA

" For proper operation, a 1 uF capacitor is required between the output pin and the GND pin of the device.
2TCVo is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C.

TCVo = (Vmax — Vin)/Vo(Tmax — Tmi)

3 Guaranteed by characterization.

“Line and load regulation specifications include the effect of self-heating.
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REF19x Series

ELECTRICAL CHARACTERISTICS—REF191 @ —40°C < T, < +125°C
@ Vs=3.3V, -40°C < Ta < +125°C, unless otherwise noted.

Table 4.
Parameter Symbol Condition Min Typ Max Unit
TEMPERATURE COEFFICIENT? 2 TCVo/°C
E Grade lour =0 mA 2 ppm/°C
F Grade 5 ppm/°C
G Grade? 10 ppm/°C
LINE REGULATION* AVo/AVin
E Grade 3.0V<Vs< 15V, lour=0mA 10 ppm/V
F and G Grades 20 ppm/V
LOAD REGULATION* AVo/AVioap
E Grade Vs=5.0V,0 mA < lour <20 mA 10 ppm/mA
F and G Grades 20 ppm/mA
DROPOUT VOLTAGE Vs —Vo Vs=3.3V, loao =10 mA 1.25 \
Vs=3.6V, loao =20 mA 1.55 Vv
' For proper operation, a 1 uF capacitor is required between the output pin and the GND pin of the device.
2TCVo is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C.
TCVo = (Vmax = Vimw)/Vo(Tmax — Trm)
3 Guaranteed by characterization.
“Line and load regulation specifications include the effect of self-heating.
ELECTRICAL CHARACTERISTICS—REF192 @ T, = 25°C
@ Vs =3.3V, Ta=25°C, unless otherwise noted.
Table 5.
Parameter Symbol Condition Min Typ Max Unit
INITIAL ACCURACY' Vo
E Grade lout=0mA 2498 2.500 2.502 \Y
F Grade 2495 2.505 \'
G Grade 2.490 2510 \Y
LINE REGULATION? AVo/AViN
E Grade 30V<Vs< 15V, lour=0mA 2 4 ppm/V
F and G Grades 4 8 ppm/V
LOAD REGULATION? AVo/AVioap
E Grade Vs=5.0V,0 mA < lour < 30 mA 4 10 ppm/mA
F and G Grades 6 15 ppm/mA
DROPOUT VOLTAGE Vs —Vo Vs=3.5V, lioap =10 mA 1.00 \
Vs=3.9V, lioap =30 mA 1.40 Vv
LONG-TERM STABILITY? DVo 1000 hours @ 125°C 1.2 mV
NOISE VOLTAGE en 0.1Hzto 10 Hz 25 MV p-p

"Initial accuracy does not include shift due to solder heat effect (see the Applications Information section).
2Line and load regulation specifications include the effect of self-heating.

3 Long-term stability specification is noncumulative. The drift in subsequent 1000-hour periods is significantly lower than in the first 1000-hour period.
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REF19x Series

ELECTRICAL CHARACTERISTICS—REF192 @ —-40°C < T, < +85°C
@ Vs =3.3V,-40°C < Ta < +85°C, unless otherwise noted.

Table 6.
Parameter Symbol Condition Min Typ Max Unit
TEMPERATURE COEFFICIENT'- 2 TCVo/°C
E Grade lour =0 mA 2 5 ppm/°C
F Grade 5 10 ppm/°C
G Grade? 10 25 ppm/°C
LINE REGULATION* AVo/AViN
E Grade 3.0V<Vs<15V, lour=0mA 5 10 ppm/V
F and G Grades 10 20 ppm/V
LOAD REGULATION* AVo/AVioap
E Grade Vs=5.0V,0mA < lour <25 mA 5 15 ppm/mA
F and G Grades 10 20 ppm/mA
DROPOUT VOLTAGE Vs —Vo Vs=3.5V, loao =10 mA 1.00 \%
Vs=4.0V, lloao =25 mA 1.50 \'
SLEEP PIN
Logic High Input Voltage e 24 Vv
Logic High Input Current I -8 pA
Logic Low Input Voltage Vi 0.8 \%
Logic Low Input Current I -8 MA
SUPPLY CURRENT No load 45 MA
Sleep Mode No load 15 MA

" For proper operation, a 1 uF capacitor is required between the output pin and the GND pin of the device.

2TCVo is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C.
TCVo = (Vmax — Vmin)/Vo(Tmax — Tmin)

3 Guaranteed by characterization.

“Line and load regulation specifications include the effect of self-heating.

ELECTRICAL CHARACTERISTICS—REF192 @ -40°C <Ta <+125°C
@ Vs=3.3V, -40°C < Ta < +125°C, unless otherwise noted.

Table 7.
Parameter Symbol Condition Min Typ Max Unit
TEMPERATURE COEFFICIENT' 2 TCVo/°C
E Grade lour=0mA 2 ppm/°C
F Grade 5 ppm/°C
G Grade? 10 ppm/°C
LINE REGULATION* AVo/AVin
E Grade 3.0V<Vs< 15V, lour=0mA 10 ppm/V
F and G Grades 20 ppm/V
LOAD REGULATION* AVo/AVioro
E Grade Vs=5.0V,0 mA < lour < 20 mA 10 ppm/mA
F and G Grades 20 ppm/mA
DROPOUT VOLTAGE Vs —Vo Vs=3.5V, loao = 10 mA 1.00 \
Vs=4.0V, loao = 20 mA 1.50 Vv

" For proper operation, a 1 uF capacitor is required between the output pin and the GND pin of the device.

2TCVo is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C.

TCVo = (Vmax — Vmin)/Vo(Tmax — Twiw)
3 Guaranteed by characterization.

4 Line and load regulation specifications include the effect of self-heating.
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REF19x Series

ELECTRICAL CHARACTERISTICS—REF193 @ T, = 25°C
@ Vs =3.3V, Ta=25°C, unless otherwise noted.

Table 8.
Parameter Symbol Condition Min Typ Max | Unit
INITIAL ACCURACY' Vo
G Grade lour=0mA 2.990 3.0 3.010 |V
LINE REGULATION? AVo/AViN
G Grade 33V, <Vs< 15V, louor=0mA 4 8 ppm/V
LOAD REGULATION? AVo/AVioap
G Grade Vs=5.0V,0 mA < lour <30 mA 6 15 ppm/mA
DROPOUT VOLTAGE Vs —Vo Vs=3.8V, lioao =10 mA 0.80 \
Vs=4.0V, loao =30 mA 1.00 Vv
LONG-TERM STABILITY? DVo 1000 hours @ 125°C 1.2 mV
NOISE VOLTAGE en 0.1Hzto 10 Hz 30 uv p-p
"Initial accuracy does not include shift due to solder heat effect (see the Applications Information section).
2Line and load regulation specifications include the effect of self-heating.
3 Long-term stability specification is noncumulative. The drift in subsequent 1000-hour periods is significantly lower than in the first 1000-hour period.
ELECTRICAL CHARACTERISTICS—REF193 @ —40°C < T, < +85°C
@ Vs =33V, Ta=-40°C < Ta £ +85°C, unless otherwise noted.
Table 9.
Parameter Symbol Condition Min Typ Max | Unit
TEMPERATURE COEFFICIENT' 2 TCVo/°C
G Grade? lour=0mA 10 25 ppm/°C
LINE REGULATION* AVo/AVin
G Grade 33V<Vs< 15V, lour=0mA 10 20 ppm/V
LOAD REGULATION* AVo/AVioan
G Grade Vs=5.0V,0 mA < lour <25 mA 10 20 ppm/mA
DROPOUT VOLTAGE Vs —Vo Vs=3.8V, loao =10 mA 0.80 Vv
Vs=4.1V, lioao =30 mA 1.10 Vv
SLEEP PIN
Logic High Input Voltage ' 24 \Y%
Logic High Input Current In -8 HA
Logic Low Input Voltage ' 0.8 \Y%
Logic Low Input Current I -8 HA
SUPPLY CURRENT No load 45 pA
Sleep Mode No load 15 HA

" For proper operation, a 1 uF capacitor is required between the output pin and the GND pin of the device.

2TCVo is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C.
TCVo = (Vmax — Viun)/Vo(Tmax — Twiw)

3 Guaranteed by characterization.

“Line and load regulation specifications include the effect of self-heating.
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REF19x Series

ELECTRICAL CHARACTERISTICS—REF193 @ Ta < -40°C < +125°C
@ Vs=3.3V, -40°C < Ta < +125°C, unless otherwise noted.

Table 10.
Parameter Symbol Condition Min Typ Max | Unit
TEMPERATURE COEFFICIENT'- 2 TCVo/°C

G Grade? lour=0mA 10 ppm/°C
LINE REGULATION* AVo/AVin

G Grade 33V<Vs<15V, lour=0mA 20 ppm/V
LOAD REGULATION* AVo/AVioap

G Grade Vs=5.0V,0 mA < lour < 20 mA 10 ppm/mA
DROPOUT VOLTAGE Vs —Vo Vs=3.8V, lioao =10 mA 080 |V

Vs=4.1V, loao =20 mA 1.10 |V

' For proper operation, a 1 uF capacitor is required between the output pin and the GND pin of the device.

2TCVo is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C.
TCVo = (Vmax — Vin)/Vo(Tumax — Tmin)

3 Guaranteed by characterization.

“4Line and load regulation specifications include the effect of self-heating.

ELECTRICAL CHARACTERISTICS—REF194 @ T, = 25°C
@ Vs =5.0V, Ta=25°C, unless otherwise noted.

Table 11.
Parameter Symbol Condition Min Typ Max | Unit
INITIAL ACCURACY' Vo

E Grade lour=0mA 4498 45 4502 | V

G Grade 4.490 4510 | V
LINE REGULATION? AVo/AVi

E Grade 4.75V <Vs <15V, lour=0mA 2 4 ppm/V

G Grade 4 8 ppm/V
LOAD REGULATION? AVo/AVioap

E Grade Vs=5.8V,0mA < lour <30 mA 2 4 ppm/mA

G Grade 4 8 ppm/mA
DROPOUT VOLTAGE Vs —Vo Vs =5.00V, lioao =10 mA 050 |V

Vs=5.8V, lioao =30 mA 130 |V

LONG-TERM STABILITY? DVo 1000 hours @ 125°C 2 mV
NOISE VOLTAGE en 0.1 Hz to 10 Hz 45 uv p-p

"Initial accuracy does not include shift due to solder heat effect (see the Applications Information section).
2 Line and load regulation specifications include the effect of self-heating.
3 Long-term stability specification is noncumulative. The drift in subsequent 1000-hour periods is significantly lower than in the first 1000-hour period.
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REF19x Series

ELECTRICAL CHARACTERISTICS—REF194 @ —-40°C < T, < +85°C
@ Vs=5.0YV, Ta=-40°C < T < +85°C, unless otherwise noted.

Table 12.
Parameter Symbol Condition Min Typ Max | Unit
TEMPERATURE COEFFICIENT' 2 TCVo/°C
E Grade loutr =0 mA 2 5 ppm/°C
G Grade? 10 25 ppm/°C
LINE REGULATION* AVo/AViN
E Grade 475V <Vs <15V, lour=0mA 5 10 ppm/V
G Grade 10 20 ppm/V
LOAD REGULATION* AVo/AVioap
E Grade Vs=5.80V,0 mA < lour <25 mA 5 15 ppm/mA
G Grade 10 20 ppm/mA
DROPOUT VOLTAGE Vs —Vo Vs=5.00V, lioao =10 mA 0.5 \
Vs=5.80V, lioao =25 mA 130 |V
SLEEP PIN
Logic High Input Voltage \ 24 Vv
Logic High Input Current In -8 MA
Logic Low Input Voltage Vi 0.8 Vv
Logic Low Input Current I -8 MA
SUPPLY CURRENT No load 45 MA
Sleep Mode No load 15 MA
' For proper operation, a 1 yF capacitor is required between the output pin and the GND pin of the device.
2TCVo is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C.
TCVo = (Vmax — Vimw)/Vo(Tmax — Twin)
3 Guaranteed by characterization.
“Line and load regulation specifications include the effect of self-heating.
ELECTRICAL CHARACTERISTICS—REF194 @ —-40°C < Ta < +125°C
@ Vs=5.0V,-40°C < Ta < +125°C, unless otherwise noted.
Table 13.
Parameter Symbol Condition Min Typ Max | Unit
TEMPERATURE COEFFICIENT? 2 TCVo/°C
E Grade lout =0 mA 2 ppm/°C
G Grade? 10 ppm/°C
LINE REGULATION* AVo/AVin
E Grade 4.75V <Vs <15V, lour=0mA 5 ppm/V
G Grade 10 ppm/V
LOAD REGULATION AVo/AVioap
E Grade Vs=5.80V,0 mA < lour <20 mA 5 ppm/mA
Grade 10 ppm/mA
DROPOUT VOLTAGE Vs —Vo Vs=5.10V, lioao = 10 mA 060 |V
Vs=5.95V, lioao =20 mA 1.45 \

" For proper operation, a 1 uF capacitor is required between the output pin and the GND pin of the device.

2TCVo is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C.
TCVo = (Vmax — Vmin)/Vo(Tmax — Tmin)

3 Guaranteed by characterization.

4 Line and load regulation specifications include the effect of self-heating.
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REF19x Series

ELECTRICAL CHARACTERISTICS—REF195 @ T, = 25°C
@ Vs=5.10V, Ta = 25°C, unless otherwise noted.

Table 14.
Parameter Symbol Condition Min Typ Max | Unit
INITIAL ACCURACY' Vo

E Grade lour =0 mA 4998 50 5.002 |V

F Grade 4.995 5.005 | V

G Grade 4.990 5.010 | V
LINE REGULATION? AVo/AViN

E Grade 510V<Vs<15V, lour=0mA 2 4 ppm/V

F and G Grades 8 ppm/V
LOAD REGULATION? AVo/AVioao

E Grade Vs=6.30V,0 mA < lour < 30 mA 2 4 ppm/mA

F and G Grades 4 8 ppm/mA
DROPOUT VOLTAGE Vs —Vo Vs=5.50V, lioao= 10 mA 050 |V

Vs=6.30V, loao = 30 mA 1.30 Vv

LONG-TERM STABILITY? DVo 1000 hours @ 125°C 1.2 mV
NOISE VOLTAGE en 0.1Hzto 10 Hz 50 uv p-p

"Initial accuracy does not include shift due to solder heat effect (see the Applications Information section).
2 Line and load regulation specifications include the effect of self-heating.
3 Long-term stability specification is noncumulative. The drift in subsequent 1000-hour periods is significantly lower than in the first 1000-hour period.

ELECTRICAL CHARACTERISTICS—REF195 @ -40°C < T <+85°C
@ Vs=5.15V, Ta = -40°C < Ta < +85°C, unless otherwise noted.

Table 15.
Parameter Symbol Condition Min Typ Max | Unit
TEMPERATURE COEFFICIENT'- 2 TCVo/°C
E Grade lour =0 mA 2 5 ppm/°C
F Grade 5 10 ppm/°C
G Grade? 10 25 ppm/°C
LINE REGULATION* AVo/AVin
E Grade 515V <Vs< 15V, lour=0mA 5 10 ppm/V
F and G Grades 10 20 ppm/V
LOAD REGULATION* AVo/AVioap
E Grade Vs=6.30V,0 mA < lour < 25 mA 5 10 ppm/mA
F and G Grades 10 20 ppm/mA
DROPOUT VOLTAGE Vs —Vo Vs=5.50V, lioao =10 mA 0.50 \
Vs=6.30V, lloao =25 mA 1.30 \
SLEEP PIN
Logic High Input Voltage \ 24 %
Logic High Input Current In -8 pA
Logic Low Input Voltage Vi 0.8 \%
Logic Low Input Current I -8 MA
SUPPLY CURRENT No load 45 pA
Sleep Mode No load 15 MA

" For proper operation, a 1 uF capacitor is required between the output pin and the GND pin of the device.
2TCVo is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C.

TCVo = (Vmax — Vmin)/Vo(Tmax — Tmin)

3 Guaranteed by characterization.

“4Line and load regulation specifications include the effect of self-heating.
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REF19x Series

ELECTRICAL CHARACTERISTICS—REF195 @ -40°C <Ta <+125°C
@ Vs =520V, -40°C < Ta < +125°C, unless otherwise noted.

Table 16.
Parameter Symbol Condition Min Typ Max | Unit
TEMPERATURE COEFFICIENT 2 TCVo/°C
E Grade lour =0 mA 2 ppm/°C
F Grade 5 ppm/°C
G Grade? 10 ppm/°C
LINE REGULATION* AVo/AViN
E Grade 520V <Vs< 15V, lour=0mA 5 ppm/V
F and G Grades 10 ppm/V
LOAD REGULATION* AVo/AVioap
E Grade Vs=6.45V,0 mA < lour < 20 mA 5 ppm/mA
F and G Grades 10 ppm/mA
DROPOUT VOLTAGE Vs - Vo Vs=5.60V, loao =10 mA 0.60 \
Vs =6.45V, loap = 20 mA 1.45 \
" For proper operation, a 1 uF capacitor is required between the output pin and the GND pin of the device.
2TCVo is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C.
TCVo = (Vmax — Vin)/Vo(Tmax — Tmiw)
3 Guaranteed by characterization.
“Line and load regulation specifications include the effect of self-heating.
ELECTRICAL CHARACTERISTICS—REF196 @ T, = 25°C
@ Vs =3.5V, Ta = 25°C, unless otherwise noted.
Table 17.
Parameter Symbol Condition Min Typ Max | Unit
INITIAL ACCURACY! Vo
G Grade lour=0mA 3290 33 3310 | V
LINE REGULATION? AVo/AViN
G Grade 350V <Vs<15V, lour=0mA 4 8 ppm/V
LOAD REGULATION? AVo/AVioap
G Grade Vs=5.0V,0 mA < loutr <30 mA 6 15 ppm/mA
DROPOUT VOLTAGE Vs —Vo Vs=4.1V, loao =10 mA 0.80 \Y
Vs=4.3V, loao =30 mA 1.00 Vv
LONG-TERM STABILITY? DVo 1000 hours @ 125°C 1.2 mV
NOISE VOLTAGE en 0.1Hzto 10 Hz 33 MV p-p

"Initial accuracy does not include shift due to solder heat effect (see the Applications Information section).
2 Line and load regulation specifications include the effect of self-heating.
3 Long-term stability specification is noncumulative. The drift in subsequent 1000-hour periods is significantly lower than in the first 1000-hour period.
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ELECTRICAL CHARACTERISTICS—REF196 @ —40°C < T, < +85°C
@ Vs=3.5V, Ta =-40°C < Ta < +85°C, unless otherwise noted.

Table 18.
Parameter Symbol Condition Min Typ Max | Unit
TEMPERATURE COEFFICIENT'- 2 TCVo/°C

G Grade? lour=0mA 10 25 ppm/°C
LINE REGULATION* AVo/AViN

G Grade 35V<Vs< 15V, lour=0mA 10 20 ppm/V
LOAD REGULATION* AVo/AVioan

G Grade Vs=5.0V,0mA < lour <25 mA 10 20 ppm/mA
DROPOUT VOLTAGE Vs —Vo Vs=4.1V, lioao =10 mA 0.80 Vv

Vs=4.3YV, lioao = 25 mA 1.00 Vv

SLEEP PIN

Logic High Input Voltage ' 24 \Y%

Logic High Input Current In -8 uA

Logic Low Input Voltage Vi 0.8 Vv

Logic Low Input Current I -8 HA
SUPPLY CURRENT No load 45 HA

Sleep Mode No load 15 UA
" For proper operation, a 1 uF capacitor is required between the output pin and the GND pin of the device.
2TCVo is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C.

TCVo = (Vmax — Vamin)/Vo(Tmax — Twin)

3 Guaranteed by characterization.
“Line and load regulation specifications include the effect of self-heating.
ELECTRICAL CHARACTERISTICS—REF196 @ —-40°C < Ta < +125°C
@ Vs =3.50V, —-40°C < Ta £ +125°C, unless otherwise noted.
Table 19.
Parameter Symbol Condition Min Typ Max | Unit
TEMPERATURE COEFFICIENT' 2 TCVo/°C

G Grade? lour =0 mA 10 ppm/°C
LINE REGULATION* AVo/AViN

G Grade 350V <Vs<15V, lour=0mA 20 ppm/V
LOAD REGULATION* AVo/AVioan

G Grade Vs=5.0V,0 mA < lour < 20 mA 20 ppm/mA
DROPOUT VOLTAGE Vs —Vo Vs=4.1V, lioao =10 mA 0.80 Vv

Vs=4.4V,lioano =20 mA 1.10 \'

' For proper operation, a 1 uF capacitor is required between the output pin and the GND pin of the device.

2TCVo is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C.
TCVo = (Vmax — Vimin)/Vo(Tmax — Twm)

3 Guaranteed by characterization.

“Line and load regulation specifications include the effect of self-heating.
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ELECTRICAL CHARACTERISTICS—REF198 @ T, = 25°C
@ Vs=5.0V, Ta = 25°C, unless otherwise noted.

Table 20.
Parameter Symbol Condition Min Typ Max Unit
INITIAL ACCURACY! Vo
E Grade loutr =0 mA 4.094 4.096 4.098 \%
F Grade 4.091 4.101 \Y
G Grade 4.086 4.106 \%
LINE REGULATION? AVo/AVin
E Grade 45V <Vs< 15V, lour=0mA 2 4 ppm/V
F and G Grades 4 8 ppm/V
LOAD REGULATION? AVo/AVioan
E Grade Vs=5.4V,0mA < lour< 30 mA 2 4 ppm/mA
F and G Grades 4 8 ppm/mA
DROPOUT VOLTAGE Vs —Vo Vs=4.6V,lioao =10 mA 0.502 \Y
Vs=5.4V, lioao =30 mA 1.30 \Y
LONG-TERM STABILITY? DVo 1000 hours @ 125°C 1.2 mV
NOISE VOLTAGE en 0.1Hzto 10 Hz 40 WV p-p
"Initial accuracy does not include shift due to solder heat effect (see the Applications Information section).
2 Line and load regulation specifications include the effect of self-heating.
3 Long-term stability specification is noncumulative. The drift in subsequent 1000-hour periods is significantly lower than in the first 1000-hour period.
ELECTRICAL CHARACTERISTICS—REF198 @ —40°C < Tx < +85°C
@ Vs=5.0V,-40°C < Ta < +85°C, unless otherwise noted.
Table 21.
Parameter Symbol Condition Min Typ Max Unit
TEMPERATURE COEFFICIENT! 2 TCVo/°C
E Grade lour=0 mA 2 5 ppm/°C
F Grade 5 10 ppm/°C
G Grade? 10 25 ppm/°C
LINE REGULATION* AVo/AVin
E Grade 45V <Vs< 15V, lour=0mA 5 10 ppm/V
F and G Grades 10 20 ppm/V
LOAD REGULATION* AVo/AVioap
E Grade Vs=5.4V,0mA <lour <25 mA 5 10 ppm/mA
F and G Grades 10 20 ppm/mA
DROPOUT VOLTAGE Vs —Vo Vs=4.6V, loao =10 mA 0.502 \%
Vs=5.4V, lioap =25 mA 1.30 Y%
SLEEP PIN
Logic High Input Voltage Vi 24 \Y
Logic High Input Current I -8 MA
Logic Low Input Voltage Vi 0.8 \%
Logic Low Input Current I -8 pA
SUPPLY CURRENT No load 45 MA
Sleep Mode No load 15 MA

' For proper operation, a 1 uF capacitor is required between the output pin and the GND pin of the device.
2TCVo is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C.
TCVo = (Vmax — Vuin)/Vo(Tmax — Tain)

3 Guaranteed by characterization.

“Line and load regulation specifications include the effect of self-heating.
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ELECTRICAL CHARACTERISTICS—REF198 @ —-40°C < Ta < +125°C

@ Vs=5.0V, -40°C < Ta < +125°C, unless otherwise noted.

Table 22.
Parameter Symbol Condition Min Typ Max | Unit
TEMPERATURE COEFFICIENT' 2 TCVo/°C
E Grade lour =0 mA ppm/°C
F Grade 5 ppm/°C
G Grade? 10 ppm/°C
LINE REGULATION* AVo/AViN
E Grade 45V <Vs< 15V, lour=0mA 5 ppm/V
F and G Grades 10 ppm/V
LOAD REGULATION* AVo/AViono
E Grade Vs=5.6V,0mA < lour < 20 mA 5 ppm/mA
F and G Grades 10 ppm/mA
DROPOUT VOLTAGE Vs —Vo Vs =47V, lioao =10 mA 060 |V
Vs=5.6V, lioap =20 mA 1.50 Vv

" For proper operation, a 1 uF capacitor is required between the output pin and the GND pin of the device.

2TCVo is defined as the ratio of output change with temperature variation to the specified temperature range expressed in ppm/°C.

TCVo = (Vimax — Vimin)/Vo(Tmax — Tain)
3 Guaranteed by characterization.

“Line and load regulation specifications include the effect of self-heating.
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ABSOLUTE MAXIMUM RATINGS

Table 23.
Parameter Rating
Supply Voltage -03Vto+18V
Output to GND -03VtoVs+03V
Output to GND Short-Circuit Duration Indefinite
Storage Temperature Range

PDIP, SOIC Package —-65°Cto +150°C
Operating Temperature Range

REF19x —40°C to +125°C
Junction Temperature Range

PDIP, SOIC Package —-65°Cto +150°C
Lead Temperature (Soldering 60 sec) 300°C

THERMAL RESISTANCE

04 is specified for worst-case conditions; that is, 6y is specified
for the device in socket for PDIP and is specified for the device
soldered in the circuit board for the SOIC and TSSOP packages.

Stresses above those listed under Absolute Maximum Ratings
may cause permanent damage to the device. This is a stress

rating only; functional operation of the device at these or any

other conditions above those indicated in the operational
section of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect

device reliability.

Table 24.
Package Type 0sa Osc Unit
8-Lead PDIP (N) 103 43 °C/W
8-Lead SOIC (R) 158 43 °C/W
8-Lead TSSOP (RU) 240 43 °C/W
ESD CAUTION
ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
A without detection. Although this product features

patented or proprietary protection circuitry, damage

‘!z I\ may occur on devices subjected to high energy ESD.
Therefore, proper ESD precautions should be taken to

avoid performance degradation or loss of functionality.
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TYPICAL PERFORMANCE CHARACTERISTICS

LOAD REGULATION (ppm/V) OUTPUT VOLTAGE (V)

LINE REGULATION (ppm/mA)

5.004
3 TYPICAL PARTS
5.15V < Vjy < 15V
5.003
5.002
5.001 =
5.000 ——| ’/_ —
\\
4.999 —
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Figure 3. REF195 Output Voltage vs. Temperature
32
5.15V < Vg <15V
28
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Figure 4. REF195 Load Regulator vs. l.oap
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Figure 5. REF195 Line Regulator vs. Vin
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SLEEP PIN CURRENT (pA)
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Figure 15. Power-On Response Time Measurement Circuit
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00371-017

Figure 17. SLEEP Response Time Measurement Circuit

00371-016

LOAD CURRENT (mA)

Rev.L | Page 19 of 28

35

30

25

20

15

10

00371-018

Figure 18. Line Transient Response

/

4

/

0.1

0.2

REF195 DROPOUT VOLTAGE (V)

0.3

0.4

0.5

06 07 08 09

00371-019

Figure 19. Load Current vs. REF195 Dropout Voltage




REF19x Series

APPLICATIONS INFORMATION

OUTPUT SHORT-CIRCUIT BEHAVIOR

The REF19x family of devices is totally protected from damage
due to accidental output shorts to GND or to Vs. In the event of
an accidental short-circuit condition, the reference device shuts
down and limits its supply current to 40 mA.

- T

OUTPUT
s
S
jl SLEEP (SHUTDOWN)
o]
3 2 )
I 3
$
GND g

Figure 20. Simplified Schematic

DEVICE POWER DISSIPATION CONSIDERATIONS

The REF19x family of references is capable of delivering load
currents to 30 mA with an input voltage that ranges from 3.3 V
to 15 V. When these devices are used in applications with large
input voltages, exercise care to avoid exceeding the maximum
internal power dissipation of these devices. Exceeding the
published specifications for maximum power dissipation or
junction temperature can result in premature device failure.
The following formula should be used to calculate the maximum
junction temperature or dissipation of the device:

_Lon

PD
0.,

where Tjand Ta are the junction and ambient temperatures,
respectively; Pp is the device power dissipation; and 04 is the
device package thermal resistance.

OUTPUT VOLTAGE BYPASSING

For stable operation, low dropout voltage regulators and references
generally require a bypass capacitor connected from their Vour
pins to their GND pins. Although the REF19x family of references is
capable of stable operation with capacitive loads exceeding 100 pE,
a 1 pF capacitor is sufficient to guarantee rated performance.
The addition of a 0.1 uF ceramic capacitor in parallel with the
bypass capacitor improves load current transient performance.
For best line voltage transient performance, it is recommended
that the voltage inputs of these devices be bypassed with a 10 uF
electrolytic capacitor in parallel with a 0.1 uF ceramic capacitor.

SLEEP MODE OPERATION

All REF19x devices include a sleep capability that is TTL/CMOS-
level compatible. Internally, a pull-up current source to Vs is
connected at the SLEEP pin. This permits the SLEEP pin to be
driven from an open collector/drain driver. A logic low ora0V
condition on the SLEEP pin is required to turn off the output

stage. During sleep, the output of the references becomes a high
impedance state where its potential would then be determined
by external circuitry. If the sleep feature is not used, it is
recommended that the SLEEP pin be connected to Vs (Pin 2).

BASIC VOLTAGE REFERENCE CONNECTIONS

The circuit in Figure 21 illustrates the basic configuration for
the REF19x family of references. Note the 10 uF/0.1 pF bypass
network on the input and the 1 pF/0.1 pF bypass network on
the output. It is recommended that no connections be made to
Pin 1, Pin 5, Pin 7, and Pin 8. If the sleep feature is not required,
Pin 3 should be connected to Vs.

;-T;mpF io.nﬁ SIEER ) OUTPUT 1
o HMuF == 0.4pF
L gTANT;;

NC = NO CONNECT

00371-021

Figure 21. Basic Voltage Reference Connections
MEMBRANE SWITCH-CONTROLLED POWER SUPPLY

With output load currents in the tens of mA, the REF19x family of
references can operate as a low dropout power supply in hand-held
instrument applications. In the circuit shown in Figure 22, a
membrane on/off switch is used to control the operation of the
reference. During an initial power-on condition, the SLEEP pin is
held to GND by the 10 k() resistor. Recall that this condition (read:
three-state) disables the REF19x output. When the membrane on
switch is pressed, the SLEEP pin is momentarily pulled to Vs,
enabling the REF19x output. At this point, current through the 10 kQ
resistor is reduced and the internal current source connected to the

SLEEP pin takes control. Pin 3 assumes and remains at the same
potential as Vs. When the membrane off switch is pressed, the
SLEEP pin is momentarily connected to GND, which once
again disables the REF19x output.

NC = NO CONNECT

}
17- 100
1

00371-022

Figure 22. Membrane Switch Controlled Power Supply
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Figure 23. Classification Profile (Not to Scale)
SOLDER HEAT EFFECT

The mechanical stress and heat effect of soldering a part to a
PCB can cause output voltage of a reference to shift in value.
The output voltage of REF195 shifts after the part undergoes the
extreme heat of a lead-free soldering profile, like the one shown
in Figure 23. The materials that make up a semiconductor device
and its package have different rates of expansion and contraction.
The stress on the dice has changed position, causing shift on the
output voltage, after exposed to extreme soldering temperatures.
This shift is similar but more severe than thermal hysteresis.

Typical result of soldering temperature effect on REF19x output
value shift is shown in Figure 24. It shows the output shift due
to soldering and does not include mechanical stress.

6
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Figure 24. Output Shift due to Solder Heat Effect
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CURRENT-BOOSTED REFERENCES WITH CURRENT
LIMITING

Whereas the 30 mA rated output current of the REF19x series is
higher than is typical of other reference ICs, it can be boosted to
higher levels, if desired, with the addition of a simple external
PNP transistor, as shown in Figure 25. Full-time current limiting is
used to protect the pass transistor against shorts.

*‘% =93V Q1 OUTPUT TABLE
TIP32A
(SEE TEXT) (SEE TEXT) u1 Vour (V)
° bt A/ REF192 [ 2.5
$1ka REF193 | 3.0
Q2 [ REF196 | 3.3
c2 | N3906 [R2 REF194 | 4.5
100pF == 2 1.5kQ REF195 | 5.0
25v
lc3 F
D1 0.1uF +Vour
VeO---1-4q- 03.3V
1N4148 c1 @ 150mA
) (TANTALUM) =~ 3Rt
s
Vour @
Ve FY © common g
COMMON g

Figure 25. Boosted 3.3 V Referenced with Current Limiting

In this circuit, the power supply current of reference U1 flowing
through R1 to R2 develops a base drive for Q1, whose collector
provides the bulk of the output current. With a typical gain of 100
in Q1 for 100 mA to 200 mA loads, U1 is never required to furnish
more than a few mA, so this factor minimizes temperature-related
drift. Short-circuit protection is provided by Q2, which clamps
the drive to Q1 at about 300 mA of load current, with values as
shown in Figure 25. With this separation of control and power
functions, dc stability is optimum, allowing most advantageous
use of premium grade REF19x devices for Ul. Of course, load
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management should still be exercised. A short, heavy, low dc
resistance (DCR) conductor should be used from U1 to 6 to the Vour
Sense Point S, where the collector of Q1 connects to the load, Point E.

Because of the current limiting configuration, the dropout voltage
circuit is raised about 1.1 V over that of the REF19x devices, due to
the Ve of Q1 and the drop across Current Sense Resistor R4.
However, overall dropout is typically still low enough to allow
operation of a 5 V to 3.3 V regulator/reference using the REF196 for
Ul as noted, with a Vs as low as 4.5 V and aload current of 150 mA.

The requirement for a heat sink on Q1 depends on the maximum
input voltage and short-circuit current. With Vs =5V and a
300 mA current limit, the worst-case dissipation of Q1 is 1.5 W,
less than the TO-220 package 2 W limit. However, if smaller TO-39
or TO-5 package devices, such as the 2N4033, are used, the current
limit should be reduced to keep maximum dissipation below
the package rating. This is accomplished by simply raising R4.

A tantalum output capacitor is used at C1 for its low equivalent
series resistance (ESR), and the higher value is required for stability.
Capacitor C2 provides input bypassing and can be an ordinary
electrolytic.

Shutdown control of the booster stage is an option, and when used,
some cautions are needed. Due to the additional active devices
in the Vs line to U1, a direct drive to Pin 3 does not work as with an
unbuffered REF19x device. To enable shutdown control, the
connection from Ul to Q2 is broken at the X, and Diode D1
then allows a CMOS control source, V¢, to drive U1 to 3 for on/off
operation. Startup from shutdown is not as clean under heavy
load as it is in basic REF19x series, and can require several
milliseconds under load. Nevertheless, it is still effective and
can fully control 150 mA loads. When shutdown control is
used, heavy capacitive loads should be minimized.

NEGATIVE PRECISION REFERENCE WITHOUT
PRECISION RESISTORS

In many current-output CMOS DAC applications where the output
signal voltage must be the same polarity as the reference voltage, it
is often necessary to reconfigure a current-switching DAC into
a voltage-switching DAC using a 1.25 V reference, an op amp,
and a pair of resistors. Using a current-switching DAC directly
requires an additional operational amplifier at the output to
reinvert the signal. A negative voltage reference is then desirable
because an additional operational amplifier is not required for
either reinversion (current-switching mode) or amplification
(voltage-switching mode) of the DAC output voltage. In general,
any positive voltage reference can be converted into a negative
voltage reference using an operational amplifier and a pair of
matched resistors in an inverting configuration. The disadvantage
to this approach is that the largest single source of error in the
circuit is the relative matching of the resistors used.

The circuit illustrated in Figure 26 avoids the need for tightly
matched resistors by using an active integrator circuit. In this
circuit, the output of the voltage reference provides the input
drive for the integrator. To maintain circuit equilibrium, the

integrator adjusts its output to establish the proper relationship
between the Vour and GND references. Thus, any desired negative
output voltage can be selected by substituting for the appropriate

reference IC. The sleep feature is maintained in the circuit with

the simple addition of a PNP transistor and a 10 k() resistor.
Vs

2N3906

SLEEP
TTLICMOS
1pF
— 1kQ
3)SLEEP OUTPUT(6) MA— |
REF19x
GND
'O —1yF 9—O—VRer
10kQ 100kQ g g
sy

A1=1/2 OP295,
1/2 OP291

Figure 26. Negative Precision Voltage Reference Uses No Precision Resistor;
One caveat to this approach is that although rail-to-rail output
amplifiers work best in the application, these operational amplifiers
require a finite amount (mV) of headroom when required to provide
any load current; consider this issue when choosing the negative

supply for the circuit.

STACKING REFERENCE ICs FOR ARBITRARY
OUTPUTS

Some applications may require two reference voltage sources that
are a combined sum of standard outputs. The circuit in Figure 27
shows how this stacked output reference can be implemented.

Two reference ICs are used, fed from a common unregulated input,
Vs. The outputs of the individual ICs are connected in series, as
shown in Figure 27, which provide two output voltages, Vour: and
Vourz. Vour is the terminal voltage of U1, whereas Vour: is the
sum of this voltage and the terminal voltage of U2. U1 and U2
are chosen for the two voltages that supply the required outputs
(see Table 1). If, for example, both Ul and U2 are REF192s, the
two outputs are 2.5 V and 5.0 V.

OUTPUT TABLE
u1/u2 Vour1 (V) [ Vour2 (V)
+Vg REF192/REF192 | 2.5 5.0
Vs > Vourz + 0.15V REF192/REF194 | 2.5 7.0
o REF192/REF195 | 2.5 7.5
c1
0ApFT O +Voyr2
+
=C2
1pF
c3_|
0.1F 7] 2 Vourt
+C4 3
::1 F $3.9kQ
MF v (seE TEXT)
Vin
COMMON
o

00371-025

OVour
Y} COMMON

Figure 27. Stacking Voltage References with the REF19x
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Although this concept is simple, some cautions are needed. Because
the lower reference circuit must sink a small bias current from U2
(50 pA to 100 pA), plus the base current from the series PNP output
transistor in U2, either the external load of U1 or R1 must provide
a path for this current. If the Ul minimum load is not well defined,
Resistor R1 should be used, set to a value that conservatively passes
600 pA of current with the applicable Vour: across it. Note that the
two U1 and U2 reference circuits are locally treated as macrocells,
each having its own bypasses at input and output for best stability.
Both Ul and U2 in this circuit can source dc currents up to
their full rating. The minimum input voltage, Vs, is determined by
the sum of the outputs, Vourz, plus the dropout voltage of U2.

A related variation on stacking two 3-terminal references is shown
in Figure 28, where U1, a REF192, is stacked with a 2-terminal
reference diode, such as the AD589. Like the 3-terminal stacked
reference shown in Figure 27, this circuit provides two outputs,
Voun and Vourz, which are the individual terminal voltages of D1
and U1, respectively. Here this is 1.235 V and 2.5 V, which provides a
Vour of 3.735 V. When using 2-terminal reference diodes, such as
D1, the rated minimum and maximum device currents must be
observed, and the maximum load current from Vour: can be no
greater than the current setup by R1 and Vo (U1). When Vo
(U1) is equal to 2.5 V, R1 provides a 500 pA bias to D1, so the
maximum load current available at Vour: is 450 pA or less.

+VS
Vs > Vourz + 0.15V
o—

c1l
01uF T

O+Vourz
+ LR 3.735V
= C2 $4.99kQ

1uF | (SEE TEXT)

O+Voyr1
p1.L Vol A63 1.235V
AD589 T 1uF
ViN L .
COMgION \ oVour §
COMMON §

Figure 28. Stacking Voltage References with the REF192
PRECISION CURRENT SOURCE

In low power applications, the need often arises for a precision
current source that can operate on low supply voltages. As
shown in Figure 29, any one of the devices in the REF19x family
of references can be configured as a precision current source.
The circuit configuration illustrated is a floating current source
with a grounded load. The output voltage of the reference is
bootstrapped across Rser, which sets the output current into the
load. With this configuration, circuit precision is maintained for
load currents in the range from the reference’s supply current
(typically 30 pA) to approximately 30 mA. The low dropout
voltage of these devices maximizes the current source’s output
voltage compliance without excess headroom.

Vs
REF19x

S R1

R
ISY<' SET
ADJUSTI:‘—l P1

Vin 2 lour * Ry (MAX) + Vgy (MIN) {lour

Vou

_ SR,
lour =1 B

T+ Iy (REF19x)
SET =
Vour FOR EXAMPLE, REF195: Vour = 5V
Reer Isy loyt = 5mA
R1 = 9530
P1 = 100Q, 10-TURN

00371-027

Figure 29. A Low Dropout, Precision Current Source

SWITCHED OUTPUT 5 V/3.3 V REFERENCE

Applications often require digital control of reference voltages,
selecting between one stable voltage and a second. With the
sleep feature inherent to the REF19x series, switched output
reference configurations are easily implemented with little
additional hardware.

The circuit in Figure 30 shows the general technique, which takes
advantage of the output wire-OR capability of the REF19x device
family. When off, a REF19x device is effectively an open circuit
at the output node with respect to the power supply. When on, a
REF19x device can source current up to its current rating, but
sink only a few A (essentially, just the relatively low current of the
internal output scaling divider). Consequently, when two devices
are wired together at their common outputs, the output voltage
is the same as the output voltage for the on device. The off state
device draws a small standby current of 15 A (maximum), but
otherwise does not interfere with operation of the on device, which
can operate to its full current rating. Note that the two devices in
the circuit conveniently share both input and output capacitors,
and with CMOS logic drive, it is power efficient.

OUTPUT TABLE
o2 |ve' | Vour v)

REF195/ |HIGH | 5.0
REF196 [LOW | 3.3

REF194/ | HIGH | 4.5
REF195 |LOW | 5.0

*CMOS LOGIC LEVELS

Ve
74HC04 |74HC04
O +Vour
2
u2 ;;CZ
3)REF19x (s 1pF
(SEE TABLE)
c1 1 "
0.1pF T
ViN g
commoN® OVour g

A\V4 COMMON
Figure 30. Switched Output Reference
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Using dissimilar REF19x series devices with this configuration
allows logic selection between the U1/U2-specified terminal
voltages. For example, with Ul (a REF195) and U2 (a REF196),
as noted in the table in Figure 30, changing the CMOS-compatible
Ve logic control voltage from high to low selects between a nominal
output of 5.0 V and 3.3 V, and vice versa. Other REF19x family
units can also be used for U1/U2, with similar operation in a
logic sense, but with outputs as per the individual paired devices
(see the table in Figure 30). Of course, the exact output voltage
tolerance, drift, and overall quality of the reference voltage is
consistent with the grade of individual U1 and U2 devices.

Due to the nature of the wire-OR, one application caveat should
be understood about this circuit. Because U1 and U2 can only
source current effectively, negative going output voltage changes,
which require the sinking of current, necessarily take longer than
positive going changes. In practice, this means that the circuit is
quite fast when undergoing a transition from 3.3 V to 5V, but the
transition from 5 V to 3.3 V takes longer. Exactly how much
longer is a function of the load resistance, Ry, seen at the output and
the typical 1 uF value of C2. In general, a conservative transition
time is approximately several milliseconds for load resistances
in the range of 100 Q to 1 kQ. Note that for highest accuracy at
the new output voltage, several time constants should be allowed
(for example, >7.6 time constants for <1/2 LSB error @ 10 bits).

KELVIN CONNECTIONS

In many portable applications where the PCB cost and area go
hand-in-hand, circuit interconnects are very often narrow. These
narrow lines can cause large voltage drops if the voltage reference is
required to provide load currents to various functions. The inter-
connections of a circuit can exhibit a typical line resistance of
0.45 mQ/square (for example, 1 oz. Cu).

In applications where these devices are configured as low dropout
voltage regulators, these wiring voltage drops can become a large
source of error. To circumvent this problem, force and sense
connections can be made to the reference through the use of an
operational amplifier, as shown in Figure 31. This method provides
a means by which the effects of wiring resistance voltage drops can
be eliminated. Load currents flowing through wiring resistance
produce an I-R error (Iroap X Rwire) at the load. However, the
Kelvin connection overcomes the problem by including the
wiring resistance within the forcing loop of the op amp. Because
the op amp senses the load voltage, op amp loop control forces
the output to compensate for the wiring error and to produce
the correct voltage at the load. Depending on the reference
device chosen, operational amplifiers that can be used in this
application are the OP295, OP292, and OP183.

SLEEPO—(3)  OUTPUT(s

REF19x
GND A1 =1/20P295 .
(2) 100kQ 120P292 $R, ©
e I oP183 &

Figure 31. Low Dropout, Kelvin-Connected Voltage Reference

FAIL-SAFE 5 V REFERENCE

Some critical applications require a reference voltage to be
maintained at a constant voltage, even with a loss of primary
power. The low standby power of the REF19x series and the
switched output capability allow a fail-safe reference con-
figuration to be implemented rather easily. This reference
maintains a tight output voltage tolerance for either a primary
power source (ac line derived) or a standby (battery derived)
power source, automatically switching between the two as the
power conditions change.

The circuit in Figure 32 illustrates this concept, which borrows
from the switched output idea of Figure 30, again using the
REF19x device family output wire-OR capability. In this case,
because a constant 5 V reference voltage is desired for all condi-
tions, two REF195 devices are used for Ul and U2, with their
on/off switching controlled by the presence or absence of the
primary dc supply source, Vs. Vaar is a 6 V battery backup
source that supplies power to the load only when Vs fails. For
normal (Vs present) power conditions, Vear sees only the 15 pA
(maximum) standby current drain of U1 in its off state.

In operation, it is assumed that for all conditions, either U1 or
U2 is on, and a 5 V reference output is available. With this
voltage constant, a scaled down version is applied to the
Comparator IC U3, providing a fixed 0.5 V input to the negative
input for all power conditions. The R1 to R2 divider provides a
signal to the U3 positive input proportionally to Vs, which
switches U3 and U1/U2, dependent upon the absolute level of
Vs. In Figure 32, Op Amp U3 is configured as a comparator
with hysteresis, which provides clean, noise-free output
switching. This hysteresis is important to eliminate rapid
switching at the threshold due to Vs ripple. Furthermore, the
device chosen is the AD820, a rail-to-rail output device. This
device provides high and low output states within a few mV of
Vs, ground for accurate thresholds, and compatible drive for U2
for all Vi conditions. R3 provides positive feedback for circuit
hysteresis, changing the threshold at the positive input as a
function of the output of U3.
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REF19x Series

(SEE TABLE)

O 5.000V

A+c3

)
7

+Var O
+Vg O
<:R1
314mMo R3 R6
10MQ 1000 I)Q1
O g o
(-4 U3
AD820
:;RZ
3100kQ R4
900k
dc4 3RS
Vs, Vear 0.1uF 1100kQ
COMMON ©

Figure 32. Fail-Safe 5 V Reference

For Vs levels lower than the lower threshold, the output of U3 is
low, thus U2 and Q1 are off and U1 is on. For Vs levels higher
than the upper threshold, the situation reverses, with Ul off and
both U2 and Q1 on. In the interest of battery power conserva-
tion, all of the comparison switching circuitry is powered from
Vs and is arranged so that when Vs fails, the default output
comes from Ul.

For the R1 to R3 values, as shown in Figure 32, lower/upper Vs
switching thresholds are approximately 5.5 V and 6 V, respec-
tively. These can be changed to suit other Vs supplies, as can the
REF19x devices used for Ul and U2, over a range of 2.5 V to
5V of output. U3 can operate down to a Vs of 3.3 V, which is
generally compatible with all REF19x family devices.

LOW POWER, STRAIN GAGE CIRCUIT

As shown in Figure 33, the REF19x family of references can be
used in conjunction with low supply voltage operational ampli-
fiers, such as the OP492 or the OP747, in a self-contained strain
gage circuit in which the REF195 is used as the core. Other
references can be easily accommodated by changing circuit
element values. The references play a dual role, first as the
voltage regulator to provide the supply voltage requirements of
the strain gage and the operational amplifiers, and second as a
precision voltage reference for the current source used to
stimulate the bridge. A distinct feature of the circuit is that it
can be remotely controlled on or off by digital means via

the SLEEP pin.
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Figure 33. Low Power, Strain Gage Circuit
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OUTLINE DIMENSIONS

0.400 (10.16)

-»| 0.365(9.27) |e
0.355 (9.02)
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8 5 0.280 (7.11)
0.250 (6.35)
1
b 4|| 0.240(6.10) 0.325 (8.26)
i 5" ?‘ g ) 0.310 (7.87)
0.100 (2.54) 0.300 (7.62)
BSC 0.060 (1.52) o1 < 0.195 (4.95)
0.210 (m& MAX 0.130 (3.30)
I 0.015 )\ 0.115 (2.92)
- X (0.38) 0.015 (0.38) \ /
0.130 (3.30) —‘i_ MIN GAUGE -T - 0.014 (0.36)
0.115 (2.92) SEATING PLANE 0.014 (0.36)
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0.018 (0.46) | e 3008 (0.13) o 419-92)
0.014 (0.36)
0.070 (1.78)
0.060 (1.52)
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COMPLIANT TO JEDEC STANDARDS MS-001
CONTROLLING DIMENSIONS ARE IN INCHES; MILLIMETER DIMENSIONS
(IN PARENTHESES) ARE ROUNDED-OFF INCH EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN.
CORNER LEADS MAY BE CONFIGURED AS WHOLE OR HALF LEADS.

Figure 34. 8-Lead Plastic Dual In-Line Package [PDIP]
P-Suffix (N-8)
Dimensions shown in inches and (millimeters)

070606-A

3.10 5.00 (0.1968)
le—3.00 —»] 480 (0.1890)[ "
2.90 -
| — AAAA
il L
T 4.00 (0.1574) 6.20 (0.2441)
3.80 (0.1497) |3 4|| 5.80(0.2284)
4.50 v
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430 > e
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l BSC 1.75 (0.0688) ’l [* 025 (0.0099)
/” |:| |:| ” 0.25 (0.0098) 13500532
PIN 1 R I 0.10 (0.0040) ¥ F'L
0.65 BSC COPLANARITY 0.51 (0.0201 > e
0.15 0.10 -+ l‘o—.31 :0.0122; . 25’(0 ooog) 127 (0:0500)
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COMPLIANT TO JEDEC STANDARDS MO-153-AA REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN.
Figure 35. 8-Lead Thin Shrink Small Outline Package [TSSOP] Figure 36. 8-Lead Standard Small Outline Package [SOIC_N]
_ _ (RU-8). B Narrow Body
Dimensions shown in millimeters S-Suffix (R-8)

Dimensions shown in millimeters and (inches)
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ORDERING GUIDE

Model’ Temperature Range Package Description Package Option Ordering Quantity
REF191ES —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)

REF191ES-REEL —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500
REF191ESZ —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)

REF191ESZ-REEL —40°Cto +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500
REF191GS —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)

REF191GS-REEL —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500
REF191GSZ —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)

REF191GSZ-REEL —40°Cto +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500
REF192ES —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)

REF192ES-REEL —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500
REF192ES-REEL7 —40°Cto +85°C 8-Lead SOIC_N S-Suffix (R-8) 1,000
REF192ESZ —40°Cto +85°C 8-Lead SOIC_N S-Suffix (R-8)

REF192ESZ-REEL —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500
REF192ESZ-REEL7 —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 1,000
REF192FS —40°Cto +85°C 8-Lead SOIC_N S-Suffix (R-8)

REF192FS-REEL —40°Cto +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500
REF192FS-REEL7 —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 1,000
REF192FSZ —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)

REF192FSZ-REEL —40°Cto +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500
REF192FSZ-REEL7 —40°Cto +85°C 8-Lead SOIC_N S-Suffix (R-8) 1,000
REF192GPZ —40°C to +85°C 8-Lead PDIP P-Suffix (N-8)

REF192GRUZ —40°C to +85°C 8-Lead TSSOP RU-8

REF192GRUZ-REEL7 —40°Cto +85°C 8-Lead TSSOP RU-8 1,000
REF192GS —40°Cto +85°C 8-Lead SOIC_N S-Suffix (R-8)

REF192GS-REEL —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500
REF192GS-REEL7 —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 1,000
REF192GSZ —40°Cto +85°C 8-Lead SOIC_N S-Suffix (R-8)

REF192GSZ-REEL —40°Cto +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500
REF192GSZ-REEL7 —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 1,000
REF193GSZ —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)

REF193GSZ-REEL —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500
REF194ES —40°Cto +85°C 8-Lead SOIC_N S-Suffix (R-8)

REF194ESZ —40°Cto +85°C 8-Lead SOIC_N S-Suffix (R-8)

REF194ESZ-REEL —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500
REF194GS-REEL —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500
REF194GS-REEL7 —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 1,000
REF194GSZ —40°Cto +85°C 8-Lead SOIC_N S-Suffix (R-8)

REF194GSZ-REEL —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500
REF194GSZ-REEL7 —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 1,000
REF195ES —40°Cto +85°C 8-Lead SOIC_N S-Suffix (R-8)

REF195ES-REEL —40°Cto +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500
REF195ESZ —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)

REF195ESZ-REEL —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500
REF195FS —40°Cto +85°C 8-Lead SOIC_N S-Suffix (R-8)

REF195FS-REEL —40°Cto +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500
REF195FSZ —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)

REF195FSZ-REEL —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500
REF195GPZ —40°Cto +85°C 8-Lead PDIP P-Suffix (N-8)
REF195GRU-REEL7 —40°C to +85°C 8-Lead TSSOP RU-8 1,000
REF195GRUZ —40°C to +85°C 8-Lead TSSOP RU-8

REF195GRUZ-REEL7 —40°C to +85°C 8-Lead TSSOP RU-8 1,000
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Model’ Temperature Range Package Description Package Option Ordering Quantity
REF195GS —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)

REF195GS-REEL —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500
REF195GS-REEL7 —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 1,000
REF195GSZ —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)

REF195GSZ-REEL —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500
REF195GSZ-REEL7 —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 1,000
REF196GRUZ-REEL7 —40°C to +85°C 8-Lead TSSOP RU-8 1,000
REF196GSZ —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)

REF196GSZ-REEL —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500
REF196GSZ-REEL7 —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 1,000
REF198ES —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)

REF198ES-REEL —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500
REF198ESZ —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)

REF198ESZ-REEL —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500
REF198ESZ-REEL7 —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 1,000
REF198FS-REEL —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500
REF198FSZ —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)

REF198FSZ-REEL —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500
REF198GRUZ —40°C to +85°C 8-Lead TSSOP RU-8

REF198GRUZ-REEL7 —40°C to +85°C 8-Lead TSSOP RU-8 2,500
REF198GS —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)

REF198GS-REEL —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500
REF198GSZ —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8)

REF198GSZ-REEL —40°C to +85°C 8-Lead SOIC_N S-Suffix (R-8) 2,500

' Z = RoHS Compliant Part.
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